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Abetvd

This document is the final report for ARPA contract MDA972-93-C-0044, which
is to develop an ANS (Artificial Neural System) capable of modeling submarine
perfomncie based on full scale data generated using a computer based
simulabon program.

This report discusses the proI background. including the requirements of such
a simulation model, and the advantages of an ANS approach. The uniqueness of
AWI's Optimal-Entropy Neural Network algorithm is discussed as well as its
sigifmace o the success of this prolect. AWl has developed an ANS to model
submane peror based on the set"ing of the irA parameters to result in
a particular perfor-n1ce f- r the submarine where the ANS specife the poso
and odentatlon of te submwine sometime in the future. AWl has also
developed an algorthm to run dw ANS in the mverse mode. namely the
algoIm Iows the ue 0o specify te desied position and orientation of the
submai at some Imr in the Outure, wherm the ANS will then specify the
conolling input paameters to reach tht specified obpctv. The latter
specifications have to be w the real of possie Fre q4 W et or else the
AMS will speciy a posibie soution close to whot was desired. The developed
ANS is capabl of operatng In a PC envitonment. The results are obtained
almot sWt •taneousty on the PC.
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hinbducten

The Development of accurate simulatio n model of submarine behavior has
been a matt of vital intere to the Navy for many years. Simulation models
we used betore a ship is i to evaluate alterntve designs, estimate the

ged operat envelope (SOE), d V pseve crews. Subsewent
to ship deploymient simulaWn models are ued to continue crew trainig and to
invesht possible anomalous behavior observed at sea.

Despite Othi long itereso in the building of accurate predctiv models, the
hasory of asurwe owmulation has not alway been satisfig in ewms of a
basi undestanin of the physical phenowrmen ron wdeying observed behavior.
The Ir really organize approach to developing equalion of molon for U.S.
submrnes was Mie now bitous W2I ( report developed by Gerlie and Hagen
at DTRC in 1967. Thes equaions were based on fe assumpon that all
reevat Pat would be obboned by cuv Mti the results of sabc
simnpe oscwo ew varous fores arid nmo as a model is
moved at consat speed As a result the equamtions ae lie more Oan a
Taylor series expwoww of the reeulaig ft oes and mom&sW with tow- sh
diffweent koi for Ow power seos oezision. For ewle, mW s in Xl e
replaced with isms in idxl.

In w serty-70's the Radio Coewroled Mdel (RCM) was developed at DTRC.
This provided a slgrticnt bmadhru~h In ulen of mod- l Weng because the
mo was no kone a0kiclay conied. Even more ihworulty. afts -ull-
cale maneuver, K sh as stenm plane sO could be sinudle Use of the

ACM pesi nedh de ct predcktion of subriwin rt oe perticulafty durVingh-~
speed opera•to• OW woul her been dfm: or dgerom to conduct under
kfi-wile cnxn" The RCM wam, and i. cvpeuu to run ard there ae
certlnit ef in rewuverln pole4@ becue of the size of ft MASK
(Mwneuv and Sea Keeping basin) at DTRC.

In ft te 1970's. th poenti lor the of parme etm and system
derilcson (SI), sc grow out of opiki cow theory, wm explored. SI

techrl le were delaoped at DTCand to b le dy a com birion of faxed
moid lt. RCM. and SI we the ftwfts of sikilon develp t of
submer rrmoo sin, f U.S. Nanvy.

However, as pw and usee, as toe Wcvq discussed above have
been. w reeult • not contribuAsto n underldng o• e hlyr*do of

stimnINe behavior. In addSNOn S l remn more of an artom" as
apposed to a scesncmethodology. Furthe. Me eat prorlise Vw S1 would
lead not only to a more precise methold 'fcurve fltmnV. but lo kuli into

draftc reponses mns unfulfliled As an exenile, fe observed
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piOlWdepth osoi ua in ths OHIO Clas submarine during high
speed tuns is simuiated by urng on a sine wave pitch and depth disturbance.

Current research efforts, piwarily sponsored by ARPA's Sub Tech program
have lead lo the e sabishent of a Cofn~utaioa Fluid Domias Laboratory at
DTRC. This laboraory ha, as one of Its prmmary goals, the development of
moethadolgies which wil pemrthe predction ol a submaine perfomrance from
basc design inlorwmon. Atwoont of tan goal is so in the iture and
currently it continues to be necessary to utlze RCM, fixed-model testing, and SI
Msthodolo~es despite their limittions.

Ariicial Neural System (ANS) has proven to be a sucesu appoach to real-
time-process modeling However. traditonal AHS training algorithms, such as
back-p•opegatoen a Ien e corumwrig. Loe g instabiie and the
deternii~naftio of 3we opfnal net configuration are othr Ime consunin
probleris aWoca ed it beriiW training aqgnlwiw.

A0 ?dWp aiuw AWrs A.E

Compeaed wfth convrwiku modelin techniques. to AVVI AIS modielig
aproach has theliollowkn dwgs

"* Empirically based. The AMS model relles solely on e~qe~m inW or
numerical da whtw is ueed as fw dftg W the ANS model.

"* Real-1me. The ANS model, in toe lorw mode. is capable of rnning in
real Un,. even on an ordiawy MS-OOS based nathk.

"* New real-IUrn Inerse. No oly can Oh wN modal preict ft kite
sumrne taoecoxy woen given to OMVw cotla" end coftr
variables, stih as Ow poItkon of ftker. on planes end bwwd
piene. but AWVs AM a so con dew n*e ft rnecswy cono*
vake lo Wead to me morine to an operaW spectIled poellion at some
ft*re U rn. In Ow inverse mode ithe NS is capWe of operalng In near-
real wme on en M8-OOS baed n .

To overcome ft pr•l asodi l wMh to dlaifoni ANS taining
alWpwvn.AWl developedapropwlek ytriving algorthm Waled 3wOptnimze
Europy a•lom. TIs algohm cornsrs Ow defta er (the ovm eror of
fe not). wa l as to V opy. as to t drng ,nor of the net. In trdiional

"tain algorM w nine eror is Sw onay dM frce; oth rMe is call the
"DTet Rule. AWl mesacers heve ti that #ore Is an e driving torce
to we call intcpy." The a .ropy, or ack throf, is to mor reason for
heeing Ine els. such as klocl nt a. TNft is saonusO when ~ earing
robe are medmlzed. 9y using ft OplbialWe Eiopy ruWe Awl has mftmd the
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Urns required for the net to converge, and increased the efficiency of the net
through the elimination of unessential nodes and links.

The unique significance of this system is the use of a new neural network
trainig algorithm, called the "Optiized Entropy' algorithm, to train the neural
network. This algorithm can accelerate the network learning process, overcome
learning instabilities, and optimize the net configuration. The Optimized Entropy
algorilth enables the solutions to diffcu problems on a desktop computer
within an acceptable time frame.

Ob6ectve for w OWcurre wtrk
The obpctve for this prope is to show the feaslity of using a PC based ANS
to model the subnarine &*ckoy as the function ot submarine speed, the
position of the rudder, the stem planes, and foward planes and te control
planes' htding tire. The trai data used in this project is obtained from a
computer based simulation proraon supplied by Dr. John Ware at Computer
Sceinces Corporation (CSC). Thee am two reasons to use simulated data
instead of actual operational duta First, the simulated data is unclassified.
Secne, it the ANS can simul the sriulation program, it is reasonable to
believe that the ANS also can *mM* the operational data. The abilkty to model
the simulated deta wi1 prove the eas6bt of usn the PC based ANS. and
therefo satUy the dbecove of the program.

Artif NeurWl SystMs
Arfl•lcl Neu" Sysem (AM) ar WOy based on bioo neural networks
and •fet a compuler tAc 00 is a usef iu l pri ss " modeln and
signal processing. The ANS cawls of a sqee of nodes (neurons) and
welg'id connietim,-s (Axons). As wth w a neural networlt, the
assinment of I* vskis ofe f weights and •t se and conagurtion of the
n ois the key to a success• neL Uftr~mtaly, we ha" only begun to
wi-derstend the Inner workings of these con~ucti Consequenty. relatvely
u ib@pophaistdlceeoois are curer*y empyloyed to develop workin networks.
Tnra Oy the app to mode ds is to gain a hxoxough

un derstaning of the undrtyng scierAtc or enginee-Mag prwcncle of the
process. A model is then developed OW is based on nien relaonsips

,erwe In the process pwarnelsL The princal drwback wMOth approach
Is the *m and e~or rewired ID devellop an to sbs**g of these baskc
scientific or engineerwn relelastiorlpe. Oepending on the compleit of the
problem. It can take nmy years and an exankv research program to develop
the relalones Oftan, l. sloed. a number of kTqyl IIIro are made
and an approxhni mof is develOped. Thaet approachi, while being an
epeo me-od fr developig mi anPPI3drs model that could be useful.
prvdes only a thoretc approsnMan that may ra be vad for the actuail
problem application. With the ejd$ig rodxem, computer it Is also traquently
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possible Do develop computer based numerical solutions. However the
generation of solutions using numencal analysis on-line are often too time-
consuming to be useful for real time analysis.

The ANS, when a network can be found to solve the problem, provides an
accurate model of the process or signal. Neural networks are empirically based
systemn that, when presented with a specific input pattern, can associate
specific output pattems. It is, essentially, a highly complex, non-linear,
maft•matical reiationstip or transform. However, it is not necessary for the
developer of such a system to understand the basic underlying principles of a
process in order to develop a higbly accurate ANS based model of the process.
Thus. in tto way it is quite different from othet mathematical modeling or signal
processing appoaches.

The problem of an ANS is to decide how many nodes and connections are
needed to model a spea c pr•• lern; to decide how to configure thOn; and to
decide the specalk values of the connecton wift and the transfer functions
tat exist wun Oth network. Figure I mpesents a schemaftc diagram of a
neural network and Figure 2 is a r of Me weghts. transfer
funct on, and the mecalsmse of network operation. Them is no direct known
correspondce between Me network paraet opera .and the problem
to be modeled by ft network. As a c•losquence. Iwr are currently a lack of
good ,edwanims Ie cm be used to *)dy assog w weighft and transfer
funcions in the rntw o a t can •lve a pmbm The methodg of
finding a proper net coonfigrt ioad weghstomoe a given problem is to
step though a sris of seache lo *0d OW opum" solution. This process is
caled lmmik" There we mervy kernn algoalhis Mat have bee
devpe'. They #i h som, •and resttn. In fhe modelin
and sWn" procesw*g areas, ft beck .%wopagedo metiod is the most popular.

8
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Back Propagation
The back propagation method assumes that the search in weight space for an
optimum, or near optimum, network configuration can be accomplished as an
iterative search using the error gradient, i.e., slope of the error surface in L2
space•'. That is, a series of moves are accomplished on the multiple-
dimensional error surface using approximately the maximum mean squared error
gradient direction as the move direction at each iteration. The error, also called
the delta, in the network is defined as the mean squared error between the
desired output representation and the actual output given the current weight
matrix values of the current net. By calculating the maximum gradient of the
delta for any given training example (set of input and corresponding output
patterns), the weights are adjusted so that the net moves along that gradient
direction in each presentation of the training example to the network3. Using this
procedure, the network slowly "learns" to associate all of the training example
input patterns with the correct corresponding output patterns by finding a global
minimum on the error surface. Since the primary driving force in the back-
propagation method is the mean squared error -- delta, it also called the "delta
rule."

This "basic" back propagation learning process has several significant
drawbacks. First, the optimum configuration, i.e., number and relative location of
hidden representation units or nodes cannot be pre-determined and, yet, needs
to be pre-assigned by using an "educated guess" in order to use this procedure.
Since the node configuration can significantly affect the operation of the
network, this v% ' at best lead to a long series of re-tries and, at worse, to no
useful network at all. Second, this process is very slow and the learning rate (a
constant to define the search step size) is set arbitrarily, traditionally at a value
between zero and one. Even though research is being conducted, no current
known medhod for predetermining the learning rate (gain term) will consistently
choose an optimum value, and the optmum value is significantly influenced by
the specific-problem being presented to the network. Third, it has been shown

"apc i s de~nd as Lm - (Rn, Qi)

hers R Is a reW n numr set. Ilr Rm is feect' or s,
Fi X 1x, X,. ...x) I Id e R)

The demnce functon d€,, is raed s

where 1 <,tw-. it can be esmly proven tht when m approach knnity.
L.. max "xY9

MaNtfmelca#y, fte Lm W"in is a miartx spc. Most common used Lm spaces are: LI, L2, and
L..
In Ifft ekon L2 me is usd&d nisequatoleI nurerofdesird oututs. The
€dsMnce function d is uesd I D€mWi•*e Vteror orerror gradleil-tte dence in desired and
aUd ouOxM. The error delmlned by 2 Is ao cae e ftean squar enrr.
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that it generally requires a larger network to leamr a problem than is required to
solve the problem. Considenng the many studies, it is generally known that the
net could be trimmed to a smaller size. However, there is no known method of
reducing the size of the network optimally after training to optimize the net
performance. Finally, learning instabilities exist in many problems that will
cause the network to stop learning (converging). One of these instability types
is known as a local minimum. A local minimum is a depression in the error
surface, but one that is not the optimum minimum or lowest error position. In its
search routine, the network algorithm may fall into a local minimum and since the
error gradient is toward the local rmurumu from all directions, may not be able to
exit from it.

The OptimLzed Entropy Network
A proprietary method developed at AWl for training neural networks has been
shown to overcome all of the known problems with the back-propagation
method, while maintaining the inherent stability and known network development
capabilities of that method. This network was developed through the use of a
thermodynamic model of the network operation that included both the delta
energy, the kinetics of the network and optimization functicis. The technique,
known as the Optimized Entropy Network (O-E Net), has been used on several
applications ranging from high speed signal processing to vision systems.

At the American Welding Institute researchers have studied the learning
behaviors of artificial neural networks for several years. Based on the
themodlynamic and kinetic model of the learning, it was discovered that the
learning Is not only driven by the delta, but also by another Important factor-the
entropy, which is defined as the driving forces of the net. The entropy is a
kinetic measurement about how well the neural network is learning at certain
stages of the training. Sometimes, even If the delta is large but entropy is low,
the system will not learn. This Is fie case when the system reaches a local
mirnimum or other kind of learning Instability. Addionally, the mathematical
functions used for the training of ft ANS have been optimized as well. The
optimized entropy algorithm will monir the entropy closely durng the learning,
maintaining a reasonable entropy while pushing the learning rate as high as
possible using the optimized mathemai cal functions.
The O-E Net has achieved learning rates greater than 1000 times that of the
standard back propagation method for complex problems while also preventing
the network from falling into learning instabilities. Research conducted by the
AJI researchers has confirmed the existence of at least three types of learning
instabilities (local mninum, trough and fiat surface) and the O-E Net algorithm
can avoid all three instabilities. In addilton, using entropy as the crditcal driving
force, the 3ystem configures Itself dynancally during the learning process and
so it can produce a near optimun nework size for operation, often much smaller
than the network needed to earn the problem.

11
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Devlopommtal Procedures
The stops and processes used in the development of the ANS for this project are
described in detail in the following sections.

For this feasibility study, it was decided to model the submarine trajectory over a
1000 second time frame. There are four measurements related to the submarine
trajectowy. Depth (in feet), Pitch (in degrees), Heading (in degrees), and Roll (in
degrees). The control variables are:

"* The speed of the submarine, from 2 knots to 15 knots.

"" The angle of the stem plane, from -15 degrees to +15 degrees.

"* The angle of the rudder plane, from -15 degrees to + 15 degrees.

"* The angle of the forward plane, from -15 degrees to +15 degrees.

"* The planes' holding time before returning back to the neutral position,
from 10 seconds to 100 seconds.

Two sets of data are required to train a neural network: a training data set and a
testing data set. The training data set contains the data which is presented to the
neural network for training, i.e. development of the ANS structure needed for
Identificaton of the desired fewaures in the data set. The testing data is used to
test the performance and accuracy of the trained neural networks. To verify the
accuracy of the final ANS, the test data set contains all combinations of the
following dat points, alo known as via points:

• Speed: 2, 2.5, 3, 3.5. 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, and 15 knots.
* Stem plane: -15, -12, -9, -6, -3, 0, +3, +6. +9, +12, and +15 degrees.
* Rudder plane: -15. -12. -9, -6, -3, 0, +3, +6, +9, +12, and +15 degrees.
• Forward plane: -15, -12, -9, -6, -3,0, +3, +6, +9, +12, and +15 degrees.
• Hokllng Time: 10, 20, 35, 50, 65, 80, and 100 sec.

Therefore there ae Ia of ISxl lxl lxl lx7=139,755 test data samples.

The O-E algorithm wil auomat calNy determine the training samples as
necessary during the training process. The final training samples are listed in
Table 2 In the Training section and Appendix B. Both test and training data
samples are produced by the simulation program supplied by Dr. John.

Experience has lead AWl to develop multiple-output networks by training a net
for each traoctoy rmaurement indlvkvually and then combining each net into
one final ANS. A cy there are no differences, only savings in the total
training time that would otherwise be needed. Another advantage is the ability

12
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to easily add new types of output at a later time. To further reduce the required
training time and size of the net, each individual neural network works only
within a certain speed range: low speed ( 2 to 5 knots), medium speed (5 to 10
knots), or high speed (10 to 15 knots). Therefore, there are a total of 12
individual neural networks which have been developed. Table 1 lists the names
of each individual net and its working domain.

Table 1. Neural Networks Developed For this Project

Depth Pitch Heading Roll

Low Speed (2-5 Knots) SUBI1.NET SUB12.NET SUB13.NET SUB14.NET

Medium Speed (5-10 Knots) SUB21.NET SUB22.NET SU823.NET SUB24.NET

High Speed (10-15 Knots) SUB31.NET SUB32.NET SUB33.NET ISUB34.NET

Although 12 individual neural networks are contained in the system, they are
fully integrated together as a whole through the runtime user interface. Hence
the user only "sees one ANS.

Graphical Usw Interface

Two graphical user interfaces were developed for this project. One of the user
interfaces was only used for training and testing the individual nets. Another
graphical user interface (GUI) was developed for use with the runtime ANS,
which combines all twelve nets into one. Both interfaces were developed using
the C++ programming language. They are menu driven graphic interfaces which
use an AWl proprietary GUI management tool called WIN." Both interfaces can
be run on either an IBM RS6000 UNIX workstation or a DOS based IBM
personal computer. To reduce the training time, most of training and testing was
done on an RS6000 workstation.

Implem.ntstlon and Training Interace
The input to one individual network consists of the speed, stem plane angle,
rudder angle, forward plane angle and the hold time for the control surfaces.
There are a total of 78 output nodes for each individual neural network which is
logarithmically distributed In the 1000 second time frame (Figure 3). Obviously,
the manner of choosing the proper number of output data points and their
distribution has lot to do with the accuracy and training time. Several schemes
were tested, Including the exponential distribution, linear distribution, and
logarithmic distribution combined with different numbers of output nodes from 50
to 100. The 78 output nodes with a logarithmic distribution is the best
combination based on experience and Is chosen as the final configuration.

13
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S-1000 seconds

II. I I e
II I

Output Layer

Hidden Layer

input Layer

Speed Stem Rudder Feward Hold
Plane Plane Time

Figre 3 SchematIc Presntation of Inputs and Outputs of the Network

The training GUI developed by AWl Is a generic user-friendly interface (Figure
4). This interface is written in the C++ programming language and can run on an
IBM-or compatible PC and an RS 6000 worcstation without code modification.
Using this interface, the training and testing can be done in an "automatic" or
"manuar manner. The training files and training data are easily accessible
through the GUI. The user can easily adjust the training parameters manually,
such as the learning rate, net configuration, Input/output distnbution functions,
and weights.

14
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Jo Mar.to Hot "a"*e Load Jo CO• Jolb Rai Result
Links: 231#0 Size: 0/0 Load "at sav "at Train Toot

Structure: 2:x2xaxl LoadK (CNat Sho1w Not Exit Slcrelen

Figure 4. The Training Inte.face

This interface also allows the generation of the training and testing samples
using the numerical simulation program, which is a non-GUI program. The data
can be generated randomly or automatically. For random generation, the user
can type in variables such as the time and angle of each control plane through
the GUI (Figure 5), then the GUI will cause the simulation program to calculate
the results. The results can then be displayed graphically on the screen (Figure
6). For automatic data generation, the user can specify the via points of each
variable, then the GUI will automatically generate all samples on the grid and
store them on the hard disk. Another button on the GUI allows the user to
convert this data into a format which can be directly used for training and testing
purposes (see Figure 6).

15
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Total Tisew 4L/wep 8000
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Figure 5 Sample File Generatio
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M A

32S 32S

FiletlMer: t'st.dat S1eed: 10.0 knots Tine Interval: 0.10 soc

. Load Job Test Show Snp lake Tr

- ILoad Nt NMake 2 Make Smo Show Tr
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Figure 6 The Sample Generated by the Numerical Computation

As previously mentioned, AWl has trained twelve individual nets, each of which
is responsible for performing one measurement of the submarine trajectory in
one speed.range. For each net, there is a job file and a training file associated
with the training process. Therefore, for the problem discussed herein, there are
twelve job files and twelve training files. The job file contains the general
information of the trained net, such as the number of input and output nodes,
and the distribution scheme of the output nodes. The training file contains all
training and testing file names. Each time, the GUI can only train and test a
single job. By using the "Load Job" button, various jobs can be loaded into the
GUI for training and testing.

Trial Training
As previously discussed, two very important factors must first be determined,
which are the number of output nodes and the distribution scheme of these
nodes in the 1000 second time frame. Using the training interface, a series of
rough trial training runs are conducted to determine the optimum number of
output nodes and the distribution scheme. The objective of a trial training is to
train the net to within a 20% error level with various combination of output nodes
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and distribution schemes. The testing range for the number of output nodes is
from 50 to 100. The distribution functions used in the test are the linear,
exponential, and logarithmic. The optimum combination is determined based on
the number of training cycles and the overall time needed for each trial net to
converge. Based on the results from these trial trainings, a 78 output node
network using logarithmic distribution was selected.

Training
As previously identified, the training was done individually for each
measurement of the trajectory within certain speed range. Each individual
training set was done in the following manner. Initial training of the net was
performed with 10 randomly selected training samples. After the net converges,
it is tested on all 139,755 testing samples. If the result is not satisfactory, the E-
0 algorithm will suggest the next training sample which needs to be added.
Using the numerical simulation program, the designated sample will be
generated and added into the training set automatically. The net will be retrained
using this new training sample. This procedure will be repeated many times until
the final testing result is satisfactory.

Through the training interface, the above procedure can be done automatically.
Table 2 summarizes the number of training samples used by each individual net
and Appendix B lists detailed information of all training samples used in the
training.

Table 2 Number Of Training Samples Used By Each Net
Ne Naim Numbe of t

SAMPLES
SUB1I.NET 287
SUB12.NET 197
SUB13.NET 89
SUB14.NET 130
SUB21.NET 175
SUB22.NET 255
SUB23.NET 386
SUB24.NET 254
SUB31.NET 301
SUB32.NET 248
SUB33.NET 485
SUB34.NET 1 183

Even though there are 12 Individual ANSs, there are some similarities. For
example, the number of Input nodes and output nodes for each ANS is the same.
The differences lie in the number of hidden layers and nodes within those
hidden layers. The optimization procedures of the Optimized Entropy rule yield
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individual representations. Figures 7 shows schematic representations of two
ANSs thus configured. The SUB12 has 5 input nodes, 78 output nodes, and two
hidden layers of twelve and fourteen nodes respectively. The SUB14 has the
same input and output nodes, yet it consists of two hidden layers of ten and
twelve nodes respectively. This latter ANS structure is designated as
5x12x1 lx78. Table 3 summarizes the net configuration for each individual neural
network.

(7a) SUB12.NET
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Job ft"On.. hIU14 not "one: SUB14FIN Load J" COM Job E~ nesu It
L inks. 3460 Sx:1363 3D-963 Load hNot Sam. not Train Tool
Structure: Imlb.L~xTO Load Ciat SOMW "at Exit screw.

(7b) SU614.NET

Figure 7 The neural network configuration for SUB12.NET and SUB14.NET

Table 3 Net Configuration for Each Net

Not Non W Numbeor Of Unks
SUBl1I.NET 5x12x15x78 2916
SUBi 2.NET 5x1 2x1 4x78 2820
SUBi 3.NET 5x1 2x1 4x78 2820
SUB14.NET 5x10x12x78 2436
SU821.NET 5xl2x14x78 2820
SU622.NET 5x12x12x78 2628
SUB23.NET 5x12x14x78 2820
SUB24.NET 5x12x1 1x78 2532
SU83I.NET 5x14x13x78 2918
SUB32.NET 5x10x11x78 2342
SUB33.NET 5x1 5x1 5x78 3213
SUB34.NET 5x1 lxi 4x78 2722

Summary &x140x159M7 32987
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Teeting
There are two types of testing, namel, automatic and random. In the automatic
mode, the program will automatically test the current net through the entire
139,755 test data and record the re•num error, mean error, and other useful
statistical results into a file (see Appendix A) and/or display the results on the
screen (Figure 8). In Figure 8 the results should be read as follows. Each
horizontal plot (there are 8 such plots in the Figure) shows the sample number in
the upper left box, below that the mmagum error for that sample and below that
the mean error for that sample when the computer generated results and the
ANS generated results are compared. Looking at the plotted values, the first
five lines represent the input parameters, the next 78 data points are the values
generated by CSC's simulation program and the last 78 data points are those
determined by the ANS for that sample. In the random testing mode, the user
can specify the input of any value wfNn the operating domain, and the output of
the neural network will then be compared with the result of the numerical
simulation program and the output curves will be plotted on the computer screen
for comparnson.

#-P

Figure 8. The testing result screen.
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Mwntthn GUI end CauhWd Neural Not
The suemmation of wh* individual net in the final run-time configuration yields
the Sam resuft as if te net were configured as a whole. The real benefits are
in the saving of a grat deal of development time and effort Figure 9 shows the
runtime GUI.

FIgur 9 The runtime GUI

Remeft and Andy~s
AWl has developed an ANS based submarine simulaion with a maximum error
over the entre domne of On ANS no WaWger tan 7%. In most cases the actual
error is sWnificanly oem Table 4 summarze thme results for each ANS.

The ma*xm error, E i calculated bye d oWowIng formiia

E=mex(•O-rO)N

Here OC is the actual oq of the is node of the ANS and D, is the desired value
of output node, where I runs from1 Ito78. N Is the dynamic range of the
ouputtwhch Is lsted In Table 5
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Table 4 Final Results

Not NO s Maxirmum Error E
SUBI INET 0.02
SU812.NET 0.045
SUB13.NET 0.06
SU814.NET 0.045
SU82I .NET 0.04
SU822.NET 0.06
SAJS23.NET 0.02
SUB24.NET 0.07
SU831.NET 0.06
SU632. NET 0.06
SU93. NET 0.03
SUB34.NET 0.06

*Pesufls are based on tesin Owe deveoped ANS agakns 139.755 test data
-5ff.

Tabw 5 The Dynmi ane N

No_______ N

SUBII.NET 340
SUS12JdET 34
SU1J13JOET 200
SUB14J.NET 4
SMU MET _

SUW4ETL 100
SUS2INIET 300
SUB24..ET a
SUBMA ET _ _

SU932.NET ISO
ISU83UNET 4.40__
I W834.NET 32

The system can be run In gl~ie fowd or kwnverse ood. When fte system Is
rnigIn fte forwad mode, fte scree wi be simiar to igure 10. Mo~v~ the

slid bars of gach contro Variabl cases Vie aimrine teecOrNy to be
calculate hiv~edlsty anid grap~emy d ~pae on fie screen. NternaiVel,
fte desired setting for fte contro varkabe con be knptd drec~fy by h Ighvihtn
"an ten typn fte valu in fie box mwie tie s"d bar.

On fte frward scren soe cono W varible, w9*ki Is fte Input to the ANS Is
shown on fte elid bar locafte oIn toe boomi part of toe scree. These bars canl
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be slid up or down using mouse. A additional slide called "Scale" is shown on
the same screen as well. Moving this slide can change the output plot scale. The
predicted submarine trajectory will graphically displayed on the top part of the
screen, which are the depth, pitch, heading, and roll. The positive depth means
the submarine goes down. The pitch, heading, and rolling angle in
counterclockwise direction facing the bow of the submarine are positive.

Figure 10 Running the system in forward mode on the runtime GUI

When the system runs in the inverse mode, the screen will be similar to Figure
1 . The user can specify a point on the submarine trajectory at some time in the
future. For example, the user can require tfat the submarine to be at a depth of
1500 feet, a heading of -30 degree. a pitch of 0 degrees and at a roll angle of 0
degrees relative to current position at a point in time 800 seconds later. Then the
system will ecommenl the proper values for each control vanable in order to
lead the submwarn to poss the desired point 800 seconds later as closely as
possible (see Figure 12) assuming the user did not request an impossible
conditbon. If the user did ask for the impossible, then the ANS still tries to match
the request as closely as posees .
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Figure 11 Running the system In mhe inverse mode on the runtime GUI

Figure 12. The inverse result.
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When the system runs in the inverse mode, the control variables can be
weighted in a range from 0 to 5. This weight represents the freedom to change a
particular parameter. Weight 0 means no freedom at all, which simply means
that this control variable cannot be changed. For example, if the speed is 12
knots and the weight for the speed is 0, the algorithm must keep the speed
constant at 12 knots while attempting to vary other control variables, such as the
angle of the stem plane, rudder, and forward plane, and hold time, so that the
submarine can pass the required point at the required time as closely as
possible. Weight I means this variable has least freedom, while weight 5 means
this variable has the greatest freedom of change. The algorithm will attempt to
adjust the variables which have the highest degree of freedom first, and the
variable(s) with lowest degree of freedom last, if necessary.

Each individual measurement of the trajectory also has a weight associated with
it when the system Is running in the inverse mode. This weight controls how
closely this measurement has to be matched. Weight 0 means it is not important
at all while 5 indicates that it is the most important

Running a neural network in the inverse mode represents a search problem
which can be approached with a thorough search or a gradient search. The
thorough search guarantees that the best possible answer will be found, but it is
also very time consuming. The gradient search can save a great deal of time,
but the local minimum (or local maximum) problem can occur and prevent the
system from continuing to find the best solution. The O-E algorithm used in our
ANS training is adapted to Inverse searching and speeds up the search while it
guarantees that It will find the global minimum solution. The entire search
process only takes about 4 seconds on a 90 MHz Pentium PC.

Conclusions
AWl has succe demonsmrted the feasibility of modeling the submarine
trajectory using ANS. Several advantages have been revealed through this

* Empirical based model can be developed without the use of human
experts.

* The ANS model can be developed at a significantly lower cost than
Srdon modeling approaches.

* Requires less computing power to run the finished model which enables
the forward system to run in real time on a conventional PC.

* Near real time inverse model has been developed, which can be used in
a crew training system or an automatic control system. The inverse
model can be developed to run in real time, although the current ANS
takes 4 seconds to determine input parameters on a Pentium based PC.
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Future Work
Several possible future steps are suggested:

"* Apply AWl's proprietary ANS approach with real data instead of simulated
data.

"* Using a multiple processor workstation, train the ANS to a much higher
accuracy.

"* Apply the ANS as a training tool for submarine.
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Appendix A Test Results

Testing Result File (Partial)
Job:sub32

Net:sub32

Structure:5x10x llx7

Sample# Li Error L2 Error 00025 0.010912 0.000524

00000 0.009584 0.000445 00026 0.031768 0.001723

00001 0.019626 0.000900 00027 0.043140 0.002540

00002 0.026579 0.001497 00028 0.007182 0.000372

00003 0.014546 0.000764 00029 0.018025 0.000959

00004 0.023326 0.001140 00030 0.023484 0.001125

00005 0.017296 0.000901 00031 0.013500 0.000723

00006 0.052169 0.004012 00032 0.012783 0.000625

00007 0.006562 0.000365 00033 0.035759 0.001974

00008 0.020237 0.000951 00034 0.040072 0.002383

00009 0.024025 0.001369 00035 0.007059 0.000364

00010 0.016609 0.000823 00036 0.017297 0.000957

00011 0.020226 0.000887 00037 0.027556 0.001270

00012 0.019070 0.000981 00038 0.012448 0.000696

00013 0.056634 0.003213 00039 0.009491 0.000481

00014 0.007084 0.000364 00040 0.030931 0.001694

00015 0.020039 0.000977 00041 0.031909 0.001862

00016 0.021303 0.001238 00042 0.007442 0.000361

00017 0.015842 0.000820 00043 0.016151 0.000919

00016 0.015814 0.000599 00044 0.034079 0.001597

00019 0.024821 0.001306 00045 0.009477 0.000529

00020 0.047241 0.002730 00046 0.011049 0.000535

00021 0.007489 0.000374 00047 0.015504 0.000798

00022 0.0191865 0.000974 00048 0.020171 0.001072

00023 0.021592 0.001140 00049 0.016036 0.000601

00024 0.014741 0.00773 0050 0.017739 0.000643
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00051 0.034067 0.001928 00087 0.011069 0.000541

00052 0.013553 0.000676 00088 0.008341 0.000424

00053 0.009227 0.000464 00089 0.018807 0.000959

00054 0.022963 0.001204 00090 0.010571 0.000519

00055 0.051995 0.002938 00091 0.013451 0.000638

00056 0.013935 0.000591 00092 0.014964 0.000779

00057 0.019675 0.000903 00093 0.036845 0.001926

00058 0.032220 0.001847 00094 0.021770 0.001060

00059 0.011371 0.000540 00095 0.010959 0.000472

00060 0.011556 0.000551 00096 0.017353 0.000519

00061 0.024061 0.001268 00097 0.013557 0.000579

00062 0.036316 0.002073 00098 0.020792 0.000876

00063 0.010664 0.000468 00099 0.021670 0.001012

00064 0.020723 0.000960 00100 0.040955 0.002251

00065 0.030113 0.001751 .............

00066 0.009914 0.000470

00067 0.014968 0.000713 29489 0.014399 0.000625

00068 0.028057 0.001505 29490 0.022989 0.001168

00069 0.027938 0.001605 29491 0.013817 0.000639

00070 0.008654 0.000422 29492 0.018055 0.000959

00071 0.020918 0.000987 29493 0.022910 0.000985

00072 0.028201 0.001676 29494 0.028272 0.000925

00073 0.008653 0.000445 29495 0.012534 0.000533

00074 0.017677 0.000855 29496 0.014741 0.000637

00075 0.031658 0.001719 29497 0.023222 0.001109

00076 0.024126 0.001382 29498 0.041649 0.001941

00077 0.007960 0.000410 29499 0.038627 0.002115

00078 0.020584 0.000967 29500 0.043768 0.002066

00079 0.029925 0.001694 29501 0.038054 0.001601

00080 0.007899 0.00445 29502 0.025421 0.000946

00081 0.016167 0100773 29503 0019486 0.000916

00082 0.030207 0.001633 29504 0.035625 0.001937

00083 0.019533 0.001074 29505 0.035580 0.001627

00084 0.0068M4 0.000431 29506 0.030043 0.001663

00066 0.019664 0.00951 29507 0.037472 0.001718

00066 0.033969 0.001864 29608 0034051 0.001386
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29509 0.0233M2 0.000647 29545 0.012562 0.000441

29510 0.016463 0.000664 29546 0.020039 0.001165

29511 0.037033 0.001975 29547 0.033628 0.001599

29512 0.028962 0.001290 29548 0.037396 0.002060

29513 0.021201 0.001194 29549 0.041488 0.002062

29514 0.030962 0.001355 29550 0.037336 0.001583

29515 0.029912 0.001167 29551 0.025233 0.000954

29516 0.021 251 0.000739 29552 0.023961 0.000915

29517 0.016311 0.000771 29553 0.033843 0.001796

29518 0.035316 0.001873 29554 0.027390 0.001251

29519 0.022296 0.000968 29555 0.027429 0.001553

29520 0.016776 0.000772 29556 0.033715 0.001641

29521 0.024315 0.001014 29557 0.032618 0.001320

29522 0.026032 0.000962 29556 0.023064 0.000843

29523 0.019389 0.000625 29559 0.022352 0.000874

29524 0.013357 0.000658 29560 0.033817 0.001826

29525 0.031637 0.001689 29561 0.020931 0.000907

29526 0.016013 0.000706 29562 0.020936 0.001056

29527 0.016131 0.000549 29563 0.025927 0.001210

29628 0.020166 0.000769 29564 0.028060 0.001041

29629 0.021963 0.000803 29565 0.020672 0.000708

29630 0.017529 0.000527 29566 0.020292 0.000790

29531 0.011916 0.000563 29567 0.032292 0.001715

29532 0.027165 0.001468 29566 0.015037 0.000615

29533 0.010577 0.000550 29569 0.018323 0.000658

29534 0.0161065 0.000653 29570 0.016543 0.000624

29535 0.019022 0.000719 29571 0.023087 0.000779

29536 0.020460 0.000741 29572 0.017935 0.000572

29537 0.015514 0.000461 29573 0.018143 0.000694

29538 0.012248 0.000492 29574 0.029131 0.001546

29539 0.022709 0.001309 29575 0.010003 0.000429

29540 0.009582 0.000505 29578 0.016106 0.000530

29541 0.015851 0.0006572 29577 0.016393 0.000597

29542 0.017694 0.000630 29578 0.017944 0.000616

29543 0.019033 0.00076? 29579 0.014919 0.000470

29544 0.013773 0.000452 29680 0.015995 0.000599
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29561 0.025602 0.001374 29613 0.021467 0.000809

29562 0.0065689 0.000364 29614 0.016077 0.000629

295 0.015237 0.000671 29615 0.024359 0.000795

29684 0.015317 0.000628 29616 0.022964 0.001220

29565 0.014107 0.000645 29617 0.009445 0.000504

29566 0.012175 0.000464 29618 0.018163 0.000563

29587 0.013680 0.000502 29619 0.014362 0.000573

29588 0.022166 0.001216 29620 0.015557 0.000536

29589 0.007582 0.000353 29621 0.013266 0.000489

29590 0.015109 0.000842 29622 0.022086 0.000705

29591 0.013899 0.000775 29623 0.020944 0.001099

29592 0.014481 0.000788 29624 0.006974 0.000421

29593 0.010067 0.000574 29625 0.016423 0.000588

29594 0.011203 0.000424 29626 0.013565 0.000489

29595 0.019361 0.001094 29627 0.011762 0.000515

29596 0.026365 0.001350 29628 0.012933 0.000501

29597 0.034508 0.001897 29629 0.019564 0.000624

29598 0.037506 0.001896 29630 0.018640 0.000961

29599 0.033119 0.001497 29631 0.006572 0.000386

29600 0.022615 0.000951 29632 0.01 5613 0.000724

29601 0.028034 0.000910 29633 0.012384 0.000646

29602 0.025378 0.001255 29634 0.013058 0.000707

29603 0.020023 0.001001 29635 0.012760 0.000676

29604 0.023911 0.001357 29636 0.016690 0.0005684

29605 0.027597 0.001419 29637 0.016731 0.900066

29606 0.027200 0.001159 29638 0.007273 0.000348

29607 0.019781 0.000806 29639 0.017357 0.000625

29606 0.026394 0.000869 29640 0.012792 0.000799

29609 0.023627 0.001296 29641 0.018016 0.000903

29610 0.014220 0.000701 29642 0.017916 0.000900

29611 0.020663 0.000678 29643 0.013600 0.000627

29612 0.017536 0.000945 29644 0.015884 0.000616

Over All Mdxmum LI Error: 0.060023 (Sample 25969)

Over All Maximum L2 Error: 0.004701 (Sample 25969)
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Appendix B The Training Data Set
Note: The Speed Is in feet, Stem, rudder, and forward plane angle Is In
degree, and the Hold-time Is In 1/10 of seconds.

Job:SUB11 2.0 4 9 -15 650

NMtSUB11FIN 5.0 15 15 15 200

Speed SteM Rudder Fwd NOW-Time 2.0 12 -15 15 100

5.0 15 0 -15 1000 2.0 -3 -15 -15 1000

5.0 -15 0 15 1000 3.0 -6 15 15 1000

5.0 15 0 -15 100 2.0 -3 -15 -12 800

6.0 -15 15 15 100 2.0 0 15 -12 1000

5.0 -15 -15 15 100 5.0 6 3 15 100

5.0 15 3 15 100 2.0 -15 12 -15 800

5.0 -15 3 -15 600 2.0 -9 -15 9 500

2.0 -115 -15 15 1000 5.0 -15 -6 -12 100

5.0 15 -15 -15 200 4.0 9 -15 12 1000

2.0 15 -15 -15 800 4.0 -15 15 15 100

5.0 -15 -15 -12 350 3.0 3 15 -9 1000

5.0 -15 -15 15 350 5.0 -12 9 -15 200

5.0 -9 -15 -15 100 4.0 -6 15 12 100

2.0 -15 1s 9 1000 2.0 -15 -6 15 100

2.0 15 15 -15 1000 5.0 15 15 -15 200

3.0 -15 -15 -12 1000 3.0 9 0 -15 1000

2.0 .3 3 15 1000 5.0 -15 15 -9 100

5.0 15 0 15 650 4.0 -15 0 15 200

2.0 0 15 -15 100 2.0 15 3 -15 1000

3.0 12 0 3 1000 2.0 -15 15 -15 500

4.0 -9 15 15 200 4.0 -12 -15 -3 1000

3.0 -15 -15 9 200 3.0 9 -15 -12 1000

2.0 -15 15 15 100 5.0 15 15 6 100

4.0 15 -15 15 200 5.0 15 3 -15 200

5.0 0 -15 -15 200 4.0 12 15 3 1000

3.0 -3 15 -9 1000 4.0 -12 15 9 1000

2.0 15 15 15 100 5.0 0 15 15 100

3.0 46 -15 -15 100 5.0 15 -15 -3 100

5.0 -15 15 0 200 2.0 -6 15 0 800

33



AWY94-0Oe

5.0 15 a 15 200 4.0 3 -15 0 1000

4.0 6 0 -15 1000 5.0 15 0 0 1000

2.O 15 15 -12 500 2.0 -12 12 12 200

3.0 -3 15 15 600 5.0 6 -15 -15 1000

2.0 6 3 -15 100 2.0 -3 0 15 100

5.0 -15 0 12 100 2.0 3 -9 -15 1000

2.0 15 15 15 350 3.0 -15 15 15 350

3.0 -9 3 15 500 5.0 -6 -3 15 200

5.0 0 15 9 350 5.0 -15 -12 15 200

3.0 0 -15 15 350 3.0 0 15 15 800

4.0 15 -15 0 1000 5.0 -3 -15 15 500

5.0 12 0 -6 1000 4.0 -3 -15 12 100

2.0 -6 -6 -6 00 2.0 -6 -9 15 1000

4.0 -15 6 -15 100 5.0 6 -15 -15 100

5.0 -15 -15 -15 200 3.0 9 -12 9 1000

5.0 3 -15 -15 650 3.0 15 -15 -15 100

3.0 -6 -15 -15 600 to 15 -15 3 800

3.0 4 15 -15 100 2.0 15 -6 -15 100

5.0 -15 0 3 100 2.0 -15 -15 -6 800

4.0 -15 -6 9 650 4.0 -15 12 9 100

2.0 0 15 15 100 2.0 -15 -15 -9 100

4.0 15 15 -9 1000 2.0 -15 -6 15 500

5.0 15 -15 9 1000 4.0 6 6 15 100

2.0 -15 0 15 1000 4.0 -12 3 9 650

2.0 4- -3 15 100 5.0 0 -6 15 200

&0 3 15 15 1000 2.0 -3 -15 15 200

4.0 15 -3 15 1000 .0 -6 -15 9 1000

5.0 15 0 -15 Soo 5.0 -3 -3 -15 1000

3.0 -15 -12 -4 100 3.0 -9 -12 15 1000

5.0 6 -15 6 100 3.0 -9 15 15 500

3.0 15 -15 15 200 2.0 15 15 -15 100

3.0 -15 15 -15 800 2.0 -15 6 0 1000

5.0 15 15 -6 3.0 &0 -15 15 -15 350

4.0 0 -15 -15 100 5.0 0 -15 15 200

2.0 -6 -12 -15 100 4.0 -12 6 -6 100

2.0 15 -15 6 100 3.0 -15 3 -6 100
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AW1194-M0

&0 -15 12 3 500 5.0 15 0 -15 650

3.0 -15 15 15 1000 3.0 12 9 3 100

3.0 3 0 15 1000 5.0 -12 15 -15 200

4.0 6 -12 -15 650 5.0 -9 9 12 200

4.0 9 -3 15 1000 2.0 9 15 -15 350

5.0 -3 -15 9 100 4.0 15 0 -9 350

5.0 15 -15 15 100 3.0 15 -9 15 100

5.0 15 15 -15 100 5.0 -6 -6 15 100

5.0 15 -15 6 200 5.0 -9 9 15 100

5.0 12 3 15 1000 2.0 0 -15 15 650

3.0 -15 -9 -9 500 5.0 9 -9 15 350

2.0 -6 0 6 1000 5.0 0 9 3 100

4.0 -15 -6 -15 1000 2.0 3 15 -15 350

5.0 -15 0 -6 ::30 3.0 6 -9 -15 1000

5.0 -15 -15 -15 1000 3.0 -15 -9 -15 350

4.0 -6 -15 -12 500 5.0 9 9 -9 350

5.0 3 15 -15 100 4.0 -15 15 -9 500

3.0 -6 15 15 350 2.0 15 -3 3 1000

2.0 -6 12 15 350 4.0 15 -15 15 650

4.0 -15 -15 -9 100 2.0 -12 15 15 800

5.0 -3 9 -9 100 2.0 3 -15 15 350

3.0 -3 15 15 500 4.0 -12 12 -15 100

2.0 -6 12 15 500 .0 -6 -15 15 100

4.0 -4 6 -15 100 4.0 6 15 -15 100

4.0 -9 -6 3 1000 2.0 -15 0 1s 600

4.0 -6 15 -9 500 3.0 -6 -15 -15 1000

3.0 -3 -15 -6 500 3.0 1s -15 15 1000

3.0 -9 15 -15 So0 2.0 15 -15 -9 200

4.0 3 -15 15 350 5.O 15 15 9 1000

4.0 -9 15 15 500 4.0 0 3 -12 1000

4.0 -15 9 -15 350 4.0 -9 9 -12 200

4.0 9 12 -15 100 4.0 -15 -15 -15 500

3.0 -12 6 15 100 3.0 -3 -6 -15 1000

4.0 15 15 -15 100 3.0 -15 0 12 500

2.0 -9 15 -3 -0 3.0 9 -15 15 100

2.0 3 6 15 350 3.0 -15 15 0 100

35



AWV/94-008

4.0 3 15 15 100 5.0 6 6 3 500

2.0 -15 -9 -15 200 3.0 3 3 -12 100

3.0 -12 -15 -15 500 5.0 -3 15 -15 100

2.0 9 -1S 15 S00 3.0 -6 -6 -15 200

4.0 15 -12 -15 500 2.0 -12 15 -15 650

5.0 -15 -15 15 1000 4.0 -6 15 -15 200

4.0 -3 15 -15 100 4.0 -6 -15 15 500

4.0 3 -12 15 500 3.0 9 -15 15 350

3.0 15 15 15 100 5.0 6 3 9 350

4.0 15 -3 -15 1000 5.0 -12 3 -15 100

2.0 -15 15 -15 100 5.0 0 9 -12 100

2.0 6 15 3 500 2.0 0 -9 0 650

5.0 0 -9 -15 350 4.0 3 15 15 800

5.0 -9 15 -12 1000 3.0 6 -6 -15 500

5.0 6 6 -12 1000 3.0 15 12 15 200

5.0 12 -12 -6 1000 4.0 -9 15 -15 500

4.0 -9 -9 -15 600 2.0 15 -6 15 1000

5.0 9 -9 -15 1000 2.0 9 15 6 1000

2.0 0 -15 15 1000 3.0 15 0 -15 1000

4.0 15 0 15 100 2.0 3 -12 -6 1000

3.0 -12 9 -6 100 3.0 0 15 15 100

LO -15 -15 15 200 2.0 -12 15 -15 1000

2.0 6 15 -9 1000 2.0 -3 15 15 100

3.0 -12 -15 15 600 4.0 9 -15 -12 200

3.0 -9 3 0 650 5.0 0 0 -15 1000

5.0 -12 -9 -6 650 2.0 6 -15 0 600

3.0 15 15 -12 200 5.0 -12 12 15 100

4.0 -12 -15 12 350 3.0 15 -6 12 1000

5.0 6 9 -6 800 5.0 15 3 15 350

2.0 -9 -15 -9 1000 4.0 9 -15 3 1000

4.0 6 0 -9 100 4.0 -6 0 9 100

5.0 6 -9 15 200 4.0 -3 3 -15 350

3.0 -9 -15 12 600 4.0 -12 15 -15 1000

4.0 6 -3 -15 350 5.0 12 6 -15 100

2.0 0 -3 -15 500 2.0 3 -3 3 350

3.0 -12 -15 15 500 4.0 -15 -4 15 100
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AWV94-00

4.0 -12 -15 -15 100 2.0 9 15 -15 100

&0 15 15 -15 100 2.0 9 -12 -15 1000

2.0 -6 0 -12 500 2.0 -15 9 15 1000

3.0 -15 6 15 100 3.0 -3 9 15 350

3.0 15 15 -9 1000 2.0 0 15 -15 1000

5.0 3 15 -15 200 3.0 -6 3 -15 350

5.0 15 0 3 350 5.0 -15 -15 15 100

5.0 15 -15 -15 350 5.0 -15 -6 15 650

5.0 15 -6 -15 1000 4.0 15 -15 15 1000

5.0 15 -12 -15 1000 4.0 15 15 -15 s50

2.0 15 15 -15 1000

Job:SUB12 5.0 3 -15 15 200

N*.SUB12FIN 2.0 -9 -6 15 350

5.0 0 -15 -15 100

Speed Stern Rudder Fwd Hoid-Tkne 5.0 15 15 15 650

5.0 -15 0 15 1000 3.0 12 -15 15 650

5.0 15 0 -15 1000 3.0 4 6 15 100

5.0 -is 0 -15 1000 4.0 -9 15 -15 350

5.0 15 0 1s 1000 2.0 15 15 15 100

5.0 1s 15 -15 100 3.0 15 -3 -15 200

5.0 -15 9 15 100 5.0 -12 6 -15 200

5.0 1s -15 15 100 3.0 15 12 -15 800

5.0 -15 -15 -15 100 2.0 15 -6 15 1000

2.0 15 15 15 650 4.3 -15 -15 15 350

5.0 -15 12 -12 800 5.0 12 9 15 350

5.0 15 -3 -15 650 2.0 6 -15 -15 100

2.0 -15 -15 15 1000 2L0 -3 12 -15 350

2.0 -3 15 15 100 3.0 12 15 15 200

5.0 -6 -15 15 650 3.0 -4 -15 15 100

5.0 3 -15 -15 500 2.0 15 12 -15 350

5.0 3 15 -15 500 5.0 0 12 0 100

&.0 -15 Is -15 100 5.0 1s -15 12 500

2.0 9 3 0 1000 5.0 -15 15 -12 200

5.0 16 15 -15 650 3.0 -15 -15 -15 So0

2.0 -15 3 -15 200 5.0 0 15 15 350

2.0 12 -15 15 200 3.0 6 0 -15 Soo
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AWV94-006

2.0 4 -15 -15 200 3.0 -15 -15 -15 100

3.0 15 -3 -15 1000 3.0 -12 15 -15 1000

4.0 3 -3 -15 800 5.0 -9 9 6 650

5.0 15 -3 -15 200 5.0 -15 -15 15 350

5.0 12 15 15 800 2.0 3 -9 -15 800

2.0 -12 9 -15 800 3.0 -6 -15 -15 1000

3.0 -15 15 15 200 2.0 -12 15 -15 1000

4.0 -15 12 15 650 5.0 -15 15 15 800

5.0 -9 12 -15 500 2.0 12 9 -15 650

2.0 -15 15 -15 100 3.0 -15 0 15 800

2.0 15 -15 15 8w0 5.0 15 -15 -9 800

3.0 Is 0 Is 6o0 5.0 6 6 15 650

3.0 9 15 -9 1000 5.0 15 15 15 500

5.0 -4 15 15 1000 4.0 6 -15 6 350

5.0 -it -4 15 1000 4.0 0 -15 -15 800

2.0 6 3 -15 1000 3.0 15 15 15 800

2.0 12 -3 3 650 2.0 9 15 15 650

4.0 4 3 -15 100 5.0 15 -15 -15 650

5.0 -15 15 12 200 2.0 12 -6 -9 1000

3.0 1s -15 15 200 2.0 12 0 -15 100

2.0 -15 -4 -15 1000 4.0 12 15 -3 1000

2.0 1s 3 9 500 5.0 -15 -15 12 650

3.0 3 15 15 66 5.0 -15 0 -6 350

2.0 6 -15 15 1000 3.0 0 -12 15 1000

4.0 3 15 15 1000 3.0 15 -15 3 1000

2.0 -15 -15 15 100 5.0 -15 6 15 500

&0 -15 15 15 350 4.0 -15 15 -12 200

3.0 15 0 15 1000 2.0 -3 -15 -15 1000

2LO S 0 15 100 5.0 3 3 15 800

4.0 3 -4 -15 1000 4.0 9 -9 15 1000

2.0 -3 -12 15 I0 5.0 3 15 -15 1000

3.0 0 6 12 5W .O 0 -15 15 1000

3.0 -9 -4 is 1000 5.0 -12 -15 -15 650

2.0 -15 -15 -15 S5.0 6 9 -15 200

3.0 15 15 -15 500 S.0 15 0 15 100

2.0 -15 15 1s 6M 4.0 -12 15 15 800
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AWI/94-008

4.0 -15 -15 15 1000 2.0 -15 3 15 100

5.0 15 0 -15 800 3.0 15 -3 -15 650

4.0 15 -9 -15 350 5.0 -9 0 15 500

3.0 0 -6 15 350 2.0 -15 -15 15 650

3.0 -15 15 15 100 2.0 -12 -9 -15 800

2.0 -6 -15 -15 500 5.0 0 0 15 100

4.0 15 -15 15 800 5.0 12 -6 15 200

4.0 12 -12 -15 1000 5.0 -6 -9 -12 800

2.0 -15 15 15 1000 5.0 -15 15 -15 800

3.0 -15 -3 -15 1000 5.0 -6 12 15 600

5.0 0 3 -15 1000 5.0 15 15 -15 1000

5.0 15 9 -15 1000 5.0 15 9 -15 800

5.0 15 3 -15 500 4.0 9 -15 0 800

2.0 15 -9 -3 200 5.0 15 -12 15 1000

2.0 6 15 15 350 2.0 -15 9 15 100

2.0 9 9 15 600 2.0 -9 3 -6 1000

4.0 0 0 15 1000 5.0 -9 15 15 350

5.0 -3 9 -15 800 4.0 -15 4 15 200

4.0 6 -6 15 100 2.0 -9 -15 15 1000

3.0 -6 -15 15 600 5.0 9 -6 -15 100

3.0 -15 6 15 1000 2.0 0 15 15 1000

5.0 -9 6 0 1000 5.0 -6 0 -15 350

5.0 6 -15 -15 1000 3.0 6 -3 15 1000

5.0 9 -9 -3 800 4.0 -4 3 15 1000

2.0 15 -6 -15 500 5.0 6 3 15 1000

5.0 6 -15 15 500 5.0 6 15 -9 600

5.0 -15 -6 15 200 4.0 15 15 15 1000

5.0 -3 -15 15 200 4.0 15 3 -15 1000

5.0 0 15 0 1000 5.0 6 -3 15 600

5.0 -15 0 15 800 5.0 3 3 -15 800

5.0 6 9 -15 1000 4.0 15 0 15 350

5.0 -9 -15 15 1000 5.0 12 -15 15 1000

3.0 -15 -15 15 600

5.0 15 -15 -15 200

5.0 15 -15 -15 350

2.0 -15 -6 15 O0
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AWV94-00M

Job:SUB13 3.0 3 -9 0 100

Net:SUB13FIN 5.0 -15 -9 -15 1000

5.0 15 15 -6 100

Speed Stem Rudder Fwd Hold-Time 3.0 -15 -3 15 200

5.0 15 15 15 1000 3.0 -15 -12 12 350

5.0 15 -15 15 1000 5.0 15 -15 15 100

2.0 -15 15 -15 100 3.0 12 15 15 500

2.0 -15 -15 -15 100 2.0 -15 -6 15 100

5.0 15 9 15 1000 2.0 -15 -3 -12 650

2.0 15 15 15 200 5.0 15 9 15 200

5.0 12 -6 -15 1000 2.0 15 12 15 100

2.0 15 -15 15 100 3.0 6 -12 -15 800

5.0 -3 -6 15 1000 5.0 -15 6 -15 1000

5.0 15 15 -15 350 5.0 -15 3 15 100

2.0 -15 12 15 650 3.0 -15 -3 -15 1000

2.0 15 -15 -15 200 2.0 3 -9 -15 100

5.0 15 6 -9 1000 5.0 15 -9 -12 200

5.0 6 -3 -15 100 5.0 3 3 15 1000

5.0 4 15 15 350 3.0 15 0 15 1000

5.0 15 4 15 500 5.0 -6 3 -15 100

2.0 -15 -15 -15 1000 2.0 9 3 15 500

2.0 -15 9 -15 1000 2.0 -15 15 15 1000

2.0 15 -15 15 1000 4.0 -6 -15 15 500

2.0 -15 0 -15 100 2.0 15 -9 15 1000

5.0 15 -3 -15 500 2.0 15 6 -15 200

5.0 15 6 15 1000 4.0 -9 9 -12 100

2.0 -6 -3 15 600 4.0 -3 -9 15 650

2.0 4 3 15 100 5.0 -15 -15 -15 100

2.0 15 12 15 1000 2.0 15 15 -15 500

5.0 -6 6 15 1000 2.0 6 3 15 1000

5.0 -15 -9 -15 100 3.0 12 -15 -15 100

2.0 15 9 -15 100 2.0 -15 0 15 350

3.0 15 -6 15 100 4.0 6 9 15 100

2.0 -15 -15 15 100 2.0 -15 6 -15 100

4.0 3 -3 9 1000 5.0 -15 -15 6 100

3.0 15 -3 15 100 5.0 0 3 15 200
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AWI/94-008

3.0 0 12 -15 100 2.0 15 -15 15 100

5.0 -15 15 -15 100 5.0 0 -9 15 1000

5.0 12 3 -15 1000 2.0 15 -15 15 1000

5.0 -3 15 -15 650 5.0 0 -15 15 500

2.0 15 15 15 800 5.0 15 -15 -15 500

2.0 -15 6 15 1000 2.0 15 15 15 100

5.0 -15 15 15 100 5.0 -12 15 15 350

3.0 -15 9 -15 350 2.0 15 15 12 1000

5.0 -6 3 -15 1000 2.0 15 -15 -15 1000

2.0 -15 3 15 650 5.0 0 -6 15 650

4.0 -15 6 15 100 5.0 9 15 15 500

5.0 15 0 15 100 5.0 15 3 15 100

3.0 15 12 -15 1000 2.0 -15 -15 15 1000

2.0 -15 6 -15 650 2.0 -15 9 -15 100

2.0 15 -3 15 800 5.0 -3 15 -15 350

2.0 15 -15 15 500 2.0 15 6 15 1000

5.0 15 0 15 650 2.0 15 0 15 100

2.0 15 -6 -15 500 5.0 -15 3 -15 500

5.0 -6 6 -15 650 4.0 -15 0 15 500

5.0 9 3 -15 1000 5.0 15 -15 15 100

5.0 3 -3 0 1000 5.0 -15 -15 -15 1000

5.0 15 9 15 100

Job:SUB14 5.0 15 6 15 1000

Net:SUB14FIN 5.0 15 15 15 350

5.0 15 -9 15 1000

Speed Stem Rudder Fwd Nold-Time 5.0 -15 -15 15 350

5.0 15 15 15 650 4.0 -15 15 15 200

5.0 15 -15 15 1000 4.0 -15 15 15 1000

5.0 15 12 -15 1000 4.0 15 -15 -15 350

5.0 3 15 -15 100 3.0 15 15 -15 200

5.0 15 9 15 1000 5.0 -15 15 -15 600

5.0 -15 -15 15 100 5.0 15 -15 -15 100

5.0 -15 15 15 100 3.0 -15 -15 -15 500

2.0 -15 15 -9 1000 3.0 -3 6 -15 1000

2.0 -15 -15 -15 100 2.0 -15 15 -15 500

6.0 15 -9 -15 1000 5.0 -15 -15 15 800
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AWI/94-008

4.0 15 15 15 1000 4.0 -15 0 -3 100

2.0 9 -3 -15 100 5.0 -12 -15 -15 350

3.0 -15 3 15 1000 3.0 -15 4 4 1000

4.0 -15 -15 -45 500 5.0 -15 15 -15 200

2.0 15 15 6 650 5.0 -15 15 -15 1000

5.0 9 6 15 800 4.0 15 15 15 350

3.0 -15 3 -15 100 5.0 6 9 -15 650

3.0 15 -9 15 200 5.0 15 15 15 200

2.0 15 -9 -15 500 4.0 15 6 15 650

2.0 -15 -15 12 200 5.0 -3 -9 15 200

2.0 -15 0 -9 1000 3.0 -15 12 -15 200

2.0 -15 0 15 500 5.0 15 15 -12 1000

4.0 -15 0 15 100 5.0 -15 15 -9 350

4.0 15 15 15 200 5.0 12 9 15 650

2.0 15 15 -3 350 5.0 15 -15 -15 650

4.0 15 15 -15 650 5.0 -15 -15 -15 200

5.0 15 15 15 600 3.0 -3 -15 15 350

4.0 -15 15 -15 100 5.0 15 3 -15 1000

2.0 -15 0 15 100 2.0 15 15 -12 1000

4.0 -3 -9 15 100 5.0 9 15 -15 650

5.0 3 3 15 1000 5.0 15 15 15 1000

5.0 9 -15 15 350 2.0 -15 15 15 350

5.0 15 -6 15 1000 5.0 -15 -3 -15 100

3.0 15 15 12 1000 2.3 15 0 15 1000

2.0 -15 -15 -15 500 5.0 15 -6 12 100

3.0 -15 6 -15 650 5.0 -15 -6 -15 1000

5.0 15 -3 -12 350 5.0 12 -15 15 200

4.0 -15 15 -15 650 3.0 15 0 -15 1000

2.0 15 3 15 500 4.0 6 9 -6 600

2.0 -15 15 15 1000 4.0 15 -9 15 600

5.0 -15 9 -15 200 5.0 -15 3 -15 800

5.0 15 -3 12 350 3.0 -15 -12 12 600

5.0 -15 12 15 1000 2.0 3 6 -15 500

5.0 -15 15 -12 500 5.0 -15 -15 15 500

5.0 -15 -9 15 650 5.0 -15 15 -15 650

3.0 15 -15 15 500 3.0 -15 3 15 650
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AWV94-008

3.0 -15 3 15 100 10.0 15 0 -15 500

2.0 15 12 -6 100 8.0 0 -3 -15 350

5.0 6 12 -15 800 9.0 15 6 15 200

5.0 12 -15 15 650 10.0 -15 15 -15 100

3.0 6 4 15 1000 9.0 -3 -3 15 350

5.0 15 -3 -15 650 6.0 -15 15 -15 1000

5.0 9 -6 15 800 7.0 3 -9 -3 1000

5.0 -6 3 -15 1000 5.0 -6 -15 -15 650

5.0 -15 9 -15 1000 9.0 12 -15 -9 1000

5.0 -15 0 15 1000 10.0 -12 -15 15 100

4'.0 3 6 -6 800 8.0 -15 0 -9 200

5.0 15 -3 -15 800 5.0 15 0 15 1000
10.0 15 15 15 1000

Job:SUB21 8.0 -15 -15 -15 1000

Not:SUB21 FIN 10.0 3 0 15 1000

7.0 -15 -12 -15 100
Speed Stem Rudder Fwd Hold-Time 10.0 -15 -3 -15 200

10.0 15 0 -15 1000 10.0 -12 15 15 100

10.0 -15 0 15 1000 5.0 -6 12 15 650

10.0 15 0 15 1000 7.0 -9 15 15 1000

10.0 -15 0 -15 1000 8.0 15 15 15 1000

5.0 15 -3 -15 100 10.0 9 -12 15 1000

8.0 -15 15 15 100 8.0 15 0 15 1000

5.0 -15 -15 15 100 10.0 15 15 -15 1000

10.0 15 0 15 100 10.0 15 -3 -15 200

5.0 15 15 15 1000 6.0 6 -15 9 500

5.0 12 -15 -15 1000 10.0 -3 -15 15 100

5.0 -9 15 15 100 9.0 15 15 -9 100

5.0 0 -15 15 100 10.0 15 0 15 800

10.0 3 15 -15 200 8.0 -15 -15 15 200

5.0 0 15 -15 100 5.0 -6 -15 -15 1000

8.0 3 -15 -9 500 9.0 15 -15 15 650

9.0 15 -15 -15 200 9.0 -3 -15 15 1000

5.0 -15 -15 15 1000 10.0 15 9 15 1000
10.0 -15 -15 -15 100 10.0 12 -9 -15 800

6.0 0 6 -15 650 6.0 -12 -9 -15 500
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AWI/94-00M

10.0 -12 -3 -15 100 7.0 -9 9 -15 200

5.0 3 -3 15 500 7.0 -15 4 -3 1000

6.0 -3 -12 0 200 10.0 -15 4 4 500

10.0 15 0 15 650 9.0 12 3 -15 1000

9.0 12 4 15 1000 10.0 15 0 -15 100

10.0 3 0 15 650 9.0 15 -15 15 100

9.0 -12 15 -15 200 10.0 0 -9 -3 200

5.0 -9 4 -15 1000 7.0 15 0 15 200

10.0 -15 -15 -15 200 9.0 15 6 -15 350

10.0 -15 -9 15 100 10.0 0 -3 15 1000

&.0 12 -15 15 100 6.0 12 0 -15 350

7.0 15 15 15 350 10.0 15 -9 15 200

10.0 -6 15 -15 1000 10.0 3 9 6 650

10.0 0 0 -15 1000 10.0 -15 15 15 500

10.0 9 4 15 1000 10.0 -9 -9 15 200

6.0 -15 15 -15 100 5.0 15 -9 15 1000

10.0 0 -9 -15 1000 5.0 12 -15 -15 100

10.0 8 0 -15 100 7.0 -15 0 -9 100

7.0 15 -9 -15 100 10.0 9 1s 6 650

5.0 -3 15 -15 800 10.0 0 -15 4 350

10.0 6 15 15 100 10.0 6 4 -15 1000

7.0 -3 -15 15 1000 10.0 15 -3 -3 350

7.0 4 4 -15 1000 7.0 -12 -15 15 650

9.0 12 -3 15 100 6.0 4 4 -15 500

10.0 6 -15 -15 100 5.0 0 -12 -15 1000

5.O 15 -15 -15 500 10.0 1s -15 15 800

10.0 -12 -15 15 350 10.0 0 4 15 650

10.0 6 15 15 1000 7.0 4 -3 3 100

9.0 -3 -15 -15 1000 8.0 -9 -3 -15 650

10.0 -3 6 15 200 10.0 9 -3 -15 1000

10.0 15 -3 15 1000 6.0 -12 4 15 1000

10.0 15 0 15 350 5.0 -9 4 -15 100

10.0 -3 4 -15 100 10.0 6 0 -3 1000

8.0 9 6 9 1000 5.0 -12 -12 15 1000

5.0 6 15 -15 1000 9.0 9 -3 -15 1000

10.0 -3 15 9 100 5.0 -15 15 -15 500

44



AWi/94-0

5.0 3 15 15 100 6.0 -9 3 15 1000

5.0 -15 -9 15 1000 10.0 -12 -3 -15 650

10.0 15 -6 -15 1000 5.0 -12 -9 -15 200

10.0 9 3 -15 1000 7.0 0 -15 15 100

6.0 6 4 -15 100 10.0 12 -15 12 200

5.0 12 3 15 350 8.0 15 0 -15 1000

5.0 -15 -15 -15 1000 7.0 12 -3 15 1000

5.0 6 3 15 100 8.0 -15 -12 -15 350

9.0 -3 -15 -15 100 10.0 -15 4 9 1000

7.0 -3 -9 15 650 8.0 -15 -3 15 1000

&.0 -3 4 15 100 5.0 -9 -9 0 200

6.0 9 6 -15 1000 5.0 -3 -6 -15 100

6.0 12 15 -15 100

8.0 6 12 15 100 Job:SUB22

10.0 0 15 -15 1000 Nt.SUB22

10.0 -15 -9 15 1000

7.0 15 4 -15 100 Speed Stemn Rudder Fwd Hold-Time

5.0 15 15 -15 100 10.0 -15 0 15 1000

7.0 -15 -3 15 100 10.0 15 0 -15 1000

9.0 0 -15 15 100 10.0 -15 0 -15 1000

10.0 -9 -15 -15 100 10.0 15 0 15 1000

10.0 12 3 15 1000 10.0 15 9 -15 100

10.0 -15 15 -15 500 10.0 -15 3 15 100

10.0 -15 6 15 1000 5.0 -15 15 -15 100

10.0 15 15 6 100 7.0 15 -15 15 100

10.0 15 -9 15 100 5.0 15 15 15 650

8.0 -15 -6 3 1000 5.0 15 15 -3 800

7.0 -15 9 9 350 5.0 -15 -15 15 100

10.0 3 -12 -12 100 10.0 9 -15 15 500

8.0 - -15 15 100 5.0 0 -15 -15 100

10.0 -4 15 15 350 10.0 3 -15 -15 500

10.0 6 -12 6 100 10.0 15 0 15 350

10.0 -3 -3 -15 500 10.0 6 15 -15 500

9.0 6 15 -15 350 5.0 9 0 15 200

5.0 -15 0 15 100 10.0 -15 -15 -15 100

10.0 15 0 -15 600 6.0 15 -15 15 650
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5.0 -15 -15 15 1000 6.0 -12 0 -15 100

9.0 15 0 -15 350 5.0 15 -15 -15 100

5.0 15 15 -15 100 10.0 -3 -15 15 1000

5.0 -15 -9 -15 200 10.0 15 9 15 600

5.0 0 15 15 500 7.0 15 15 -15 350

6.0 15 -12 -15 200 5.0 -12 15 -15 500

10.0 15 6 15 100 10.0 -15 -15 -15 650

6.0 15 -15 -15 1000 10.0 -3 9 12 200

10.0 -15 15 -15 100 7.0 3 15 -15 1000

10.0 15 15 15 650 7.0 6 4 -15 1000

10.0 6 -15 -15 200 6.0 -9 12 6 1000

10.0 -15 0 15 500 6.0 3 15 15 100

6.0 -9 15 -15 1000 5.0 0 15 15 1000

5.0 3 15 -15 200 7.0 9 6 15 1000

9.0 -15 -3 -15 200 10.0 15 -15 15 350

7.0 15 -15 -15 100 6.0 15 -3 15 500

9.0 15 15 -15 200 9.0 9 6 15 100

5.0 15 15 15 100 5.0 -12 6 -15 350

10.0 3 0 15 350 10.0 3 15 -15 1000

10.0 15 15 -15 600 5.0 4 15 -15 1000

10.0 -15 0 15 600 9.0 -15 15 15 100

5.0 15 3 -15 200 6.0 9 3 -15 1000

10.0 -3 15 15 1000 6.0 12 -12 -15 1000

10.0 15 -12 15 600 10.0 12 4 15 600

5.0 15 -15 -15 500 10.0 -15 6 15 600

5.0 15 0 15 1000 5.0 9 15 15 100

5.0 6 -15 15 1000 5.0 9 -15 -15 500

5.0 0 3 -15 660 5.0 -15 3 -15 500

5.0 0 15 3 100 7.0 -15 6 -15 100

6LO 1s 3 -15 650 6.0 -3 -15 15 350

6.0 3 9 -15 1000 5.0 15 6 15 350

5.0 0 -15 -15 1000 5.0 15 4 15 1000

10.0 15 -3 -15 100 5.0 4 -9 15 1000

10.0 15 6 15 200 7.0 4 6 -15 100

7.0 -15 -3 15 200 5.0 -3 1s 15 100

10.0 15 4 -15 600 10.0 -12 4 15 500
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5.0 0 15 -15 100 10.0 -15 9 15 650

5.0 -3 0 15 100 10.0 1s 0 -15 650

10.0 9 0 15 100 7.0 -9 3 0 1000

8.0 3 4 15 500 10.0 -15 -12 6 200

10.0 9 -15 -15 100 10.0 4 6 0 100

7.0 15 4 4 100 10.0 -15 9 -15 200

10.0 -15 15 15 500 8.0 -12 15 -15 100

6.0 3 9 15 1000 10.0 -3 -12 -15 1000

5.0 -15 3 -15 1000 10.0 -9 15 -15 200

10.0 3 4 -9 1000 5.0 -12 15 15 100

O.0 9 4 15 200 5.0 4 -3 -15 600

7.0 6 15 15 350 8.0 -15 -3 -15 100

10.0 6 12 -12 100 7.0 -3 3 3 650

7.0 -9 15 15 100 6.0 12 6 15 350

6.0 -15 12 -15 800 5.0 15 -3 -15 100

6.0 4 6 9 350 5.0 3 0 15 1000

5.0 -3 -15 15 100 6.0 4 -9 0 1000

5.0 12 12 -15 800 9.0 15 -12 -15 350

6.0 -12 12 15 200 9.0 12 -3 -15 800

10.0 0 0 15 650 5.0 9 4 15 500

5.0 9 -9 15 100 5.0 15 -15 6 350

10.0 0 15 15 500 8.0 9 3 -15 200

7.0 -3 -9 -3 650 5.0 -9 -12 -15 100

10.0 9 6 -15 1000 7.0 9 15 15 100

5.0 -12 -15 3 350 8.0 15 -3 15 100

10.0 -15 -15 15 100 10.0 -6 12 -15 1000

5.0 9 6 15 100 10.0 15 0 -15 600

5.0 6 -9 15 800 10.0 6 -3 -15 500

8.0 15 15 15 100 5.0 -6 -12 15 650

10.0 6 12 15 100 6.0 -3 -12 -9 100

10.0 -3 -15 -15 100 6.0 9 -4 -15 800

5.0 -15 -9 15 500 8.0 6 -3 -15 1000

5.0 -15 -15 -15 100 8.0 3 0 -15 1000

5.0 -4 15 -15 100 10.0 3 0 15 800

5.0 15 -3 -15 650 5.0 -6 -3 15 800

7.0 .4 -3 15 1000 5.0 9 9 15 800
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7.0 6 15 -15 350 10.0 15 15 15 100

8.0 15 4 15 350 10.0 15 6 15 1000

9.0 -3 15 -9 35C 8.0 -9 -15 -15 350

10.0 -3 -3 -15 500 9.0 -6 -3 12 200

7.0 12 -3 -12 600 10.0 -15 6 15 1000

5.0 12 15 -9 1000 5.0 4 3 -15 1000

7.0 15 -3 -15 1000 5.0 -15 -15 -15 1000

5.0 12 -15 15 1000 6.0 -15 9 -9 1000

7.0 -15 -3 -3 350 5.0 -15 15 -15 800

10.0 12 -3 15 650 8.0 12 6 -9 500

10.0 9 -15 15 100 6.0 15 6 15 1000

7.0 15 -12 12 200 6.0 9 0 9 1000

9.0 9 -6 15 1000 5.0 -3 3 -15 350

10.0 9 -15 15 1000 8.0 9 4 -15 100

10.0 -15 -15 15 500 7.0 15 0 -15 350

10.0 -15 15 -15 650 10.0 6 9 15 650

6.0 3 -15 -15 800 10.0 0 15 15 100

7.0 3 -15 15 100 5.0 15 -3 15 500

6.0 -15 15 12 100 10.0 -3 -9 15 1000

10.0 -3 15 -15 100 5.0 -15 0 -6 200

8.0 -12 -12 0 100 8.0 0 3 15 500

7.0 15 6 15 200 10.0 -15 4 15 1000

10.0 15 -15 15 100 7.0 6 -3 15 100

7.0 15 3 -15 100 5.0 12 -9 -15 350

10.0 15 9 -9 500 10.0 15 4 -15 100

9.0 15 0 15 500 10.0 15 0 -12 500

10.0 -15 -6 -6 100 5.0 12 9 -15 1000

10.0 -9 -9 -15 200 9.0 -9 -9 15 500

5.0 -15 4 15 100 8.0 -15 -12 0 1000

5.0 0 15 -15 650 5.0 -15 0 15 100

5.0 -12 12 15 500 5.0 3 -3 15 350

6.0 -12 4 -15 800 5.0 3 -15 15 200

9.0 15 4 12 500 7.0 12 -12 15 350

7.0 15 -15 6 600 10.0 12 6 -15 500

5.0 -15 -3 0 650 7.0 -15 -15 15 100

5.0 0 -6 -15 1000 5.0 1s 0 -15 600
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5.0 3 -15 15 500

6.0 -12 4 12 100 Job:sub23

5.0 4 -9 -15 100 Net:sub23

6.0 9 -15 -15 1000

10.0 0 0 -15 1000 Speed Stem Rudder Fwd Hold-Time

10.0 15 3 -15 800 10.0 15 15 15 1000

6.0 3 6 15 100 10.0 15 -15 15 1000

5.0 15 9 15 200 10.0 15 9 15 1000

6.0 3 -6 -9 100 10.0 15 -6 -15 1000

5.0 15 -15 15 1000 6.0 -15 15 -15 100

0.0 -12 -9 -15 100 10.0 15 6 -15 1000

5.0 -15 -6 -15 100 7.0 -15 -15 -15 100

10.0 -15 -3 15 200 10.0 -15 15 15 100

8.0 -6 -3 15 1000 10.0 6 15 -15 100

8.0 3 -3 -15 200 5.0 -15 -15 15 100

9.0 0 -15 15 100 5.0 -6 -3 15 1000

5.0 3 -3 15 1000 5.0 -15 3 -15 1000

5.0 -15 -6 -15 1000 10.0 15 3 15 1000

10.0 -15 -9 15 1000 9.0 -15 15 15 350

10.0 9 -6 -6 1000 10.0 -3 -3 15 500

5.0 12 -6 -12 1000 5.0 15 6 15 100

10.0 -12 15 -15 350 10.0 -15 6 -15 200

10.0 15 -12 -15 500 10.0 15 -3 -15 600

10.0 -6 -3 -3 350 5.0 -15 3 -15 100

7.0 -15 15 1s 600 10.0 15 -15 15 100

5.0 6 -6 -15 100 5.0 -15 -6 -15 200

6.0 15 -3 -15 200 5.0 -15 -15 -15 1000

5.0 15 -9 15 100 7.0 15 -3 -15 350

6.0 -3 -15 15 800 10.0 15 -3 15 650

8.0 12 0 15 1000 10.0 15 3 -15 1000

6.0 15 -3 15 200 10.0 -3 3 15 1000

9.0 0 12 3 650 8.0 15 -3 15 1000

10.0 9 15 9 1000 5.0 -15 15 -15 800

5.0 -9 -15 -3 800 6.0 3 6 15 100

6.0 15 -9 -15 600 7.0 0 -12 -3 350

10.0 3 0 -15 650 S.0 15 -6 -1S 200
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5.0 -15 -9 15 100 5.0 -15 4 15 100

10.0 -12 -12 15 100 5.0 6 15 -15 1000

5.0 -15 4 -15 500 6.0 -15 -9 -3 800

5.0 12 -9 15 200 8.0 -15 15 -15 350

5.0 -15 9 9 100 10.0 -15 -12 -15 200

7.0 9 -9 -15 100 8.0 6 15 -15 100

6.0 15 3 -15 100 5.0 0 -15 -15 650

5.0 -15 -3 15 200 5.0 3 -9 0 800

5.0 15 -15 15 1000 5.0 15 -12 -15 200

7.0 15 -9 15 100 6.0 0 3 15 1000

10.0 -12 -9 -15 500 5.0 -15 -12 -9 500

9.0 -15 9 -15 800 6.0 -15 -9 3 650

5.0 3 -12 -15 500 6.0 -15 -9 -15 800

5.0 15 15 15 100 5.0 -15 -15 -15 650

5.0 4 6 -15 350 6.0 -15 9 -15 1000

10.0 -15 -9 15 200 10.0 -12 6 -12 800

5.0 -15 -12 -15 800 5.0 6 -9 -15 500

5.0 -3 -12 15 500 5.0 -15 -9 -15 650

5.0 15 9 15 800 5.0 0 0 -15 1000

9.0 -3 -12 15 100 5.0 15 9 15 500

10.0 -3 -12 15 350 8.0 15 15 15 200

10.0 -15 -15 15 100 5.0 -15 9 -15 100

5.0 -15 -12 15 200 6.0 15 0 15 100

8.0 -15 -3 15 100 5.0 -15 9 12 350

5.0 15 -12 15 650 7.0 -12 15 -15 200

5.0 -15 -12 15 650 6.0 -15 15 -12 1000

8.0 -12 -12 15 200 7.0 -15 6 -15 100

10.0 15 0 -12 100 10.0 0 15 15 200

8.0 -15 -12 -15 800 5.0 15 -9 15 500

10.0 0 -3 15 1000 10.0 15 15 6 100

5.0 -15 9 15 650 7.0 15 15 15 100

5.0 -15 -12 -15 100 10.0 -15 12 15 1000

7.0 15 -9 15 350 5.0 15 -3 15 350

9.0 -15 -15 15 500 7.0 15 9 15 650

5.0 -15 -9 -9 1000 8.0 -3 3 15 100

5.0 -15 -12 15 350 7.0 -15 15 15 100

50



AWY/94-008

9.0 -15 4 -15 200 8.0 -15 4 15 600

10.0 -15 6 15 500 9.0 -15 9 15 350

8.0 0 0 -15 200 6.0 15 3 4 600

5.0 -15 15 -15 100 7.0 0 15 15 1000

6.0 -15 12 -9 200 5.0 3 -12 -9 600

6.0 -15 4 15 200 8.0 -15 6 15 100

6.0 -15 3 -15 100 5.0 -15 3 -15 650

5.0 -15 -12 15 800 6.0 -15 -3 -12 1000

5.0 15 12 0 200 8.0 -15 4 -15 100

10.0 15 4 -15 100 5.0 -15 -15 4 650

5.0 -15 15 -3 100 6.0 -15 15 15 1000

5.0 4 12 12 100 8.0 12 -3 15 100

5.0 15 15 15 500 6.0 0 3 15 800

5.0 4 -12 0 650 5.0 -15 3 0 650

5.0 0 9 -9 100 10.0 -15 15 -3 200

6.0 15 4 -3 350 5.0 -9 -15 15 500

10.0 15 15 15 200 5.0 -12 0 -9 500

9.0 -15 -9 15 100 5.0 -15 9 -15 650

5.0 -15 -15 9 650 9.0 -15 15 -15 650

10.0 0 9 -15 100 5.0 -15 12 15 1000

5.0 15 15 -15 350 6.0 15 12 -15 100

10.0 -15 15 -15 200 10.0 15 -15 15 500

8.0 -15 12 -3 500 10.0 -15 -9 -15 100

8.0 3 3 -15 500 7.0 4 15 -15 100

5.0 15 -9 15 600 10.0 12 12 -15 100

5.0 15 4 15 100 10.0 15 9 6 100

5.0 15 -3 -15 100 5.0 -15 -3 -15 1000

10.0 -12 9 15 100 6.0 0 3 6 500

9.0 4 15 -15 100 5.0 15 3 -12 100

10.0 -15 12 -15 350 5.0 15 9 3 100

6.0 -15 3 -15 350 6.0 15 -15 -15 650

5.0 -9 3 15 100 10.0 -15 15 6 500

6.0 4 -0 -15 650 5.0 0 -9 -3 100

5.0 15 0 15 100 7.0 0 15 -9 350

5.0 15 12 -15 800 5.0 9 15 4 650

7.0 -15 6 6 1000 5.0 15 12 15 200
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10.0 -15 -3 -15 1000 8.0 -15 -12 15 1000

5.0 15 15 -9 100 8.0 -9 -15 15 1000

5.0 -15 -3 -15 650 8.0 -15 -12 -15 1000

8.0 -12 15 -12 1000 5.0 -15 15 -15 200

5.0 -15 15 15 350 5.0 15 -6 -15 800

9.0 15 12 -15 350 10.0 -6 -9 15 100

10.0 6 15 6 100 10.0 -3 -15 15 1000

5.0 -15 -12 15 1000 10.0 -15 -12 15 1000

10.0 -9 12 -15 100 5.0 -6 12 -15 100

6.0 -12 12 -15 350 5.0 -15 15 -15 500

6.0 - -6 -15 1000 6.0 6 3 -15 800

5.0 0 9 15 100 7.0 9 6 15 650

10.0 15 -3 0 1000 10.0 -15 12 -15 100

6.0 -3 3 15 1000 10.0 15 9 15 350

7.0 9 6 12 100 7.0 15 15 -3 500

7.0 -15 0 6 100 7.0 -3 3 -15 200

6.0 15 9 -15 650 7.0 3 -15 15 100

10.0 -12 0 -15 100 5.0 15 -1S 6 100

5.0 15 4 15 1000 5.0 6 3 -15 100

10.0 -3 15 -15 350 10.0 -15 3 -15 1000

6.0 -9 -3 -15 650 5.0 -15 0 -9 800

6.0 -12 15 15 650 8.0 15 15 -9 100

8.0 -15 4 4 1000 10.0 -15 0 12 650

5.0 -3 -3 9 600 10.0 12 -9 15 100

5.0 15 -12 15 100 7.0 9 6 -12 100

5.0 15 -1? -15 100 5.0 -9 0 -15 650

6.0 0 15 15 350 10.0 15 -12 -15 100

5.0 -15 15 1s 100 8.0 0 -15 -15 200

5.0 4 12 -15 200 6.0 -9 15 12 200

5.0 -15 -4 12 650 10.0 -9 0 15 100

7.0 -12 -15 9 600 7.0 6 9 4 100

10.0 9 -15 -15 100 9.0 -15 -15 -15 500

10.0 4 12 0 100 5.0 15 -3 -15 1000

10.0 -15 15 15 1000 8.0 -15 9 -15 100

6.0 4 9 1i 660 10.0 0 -9 4 100

5.0 15 12 15 100 10.0 0 -3 15 100
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6.0 12 6 15 800 10.0 15 6 9 350

7.0 15 9 15 100 10.0 15 6 -15 350

8.0 0 9 -15 800 5.0 15 3 15 1000

7.0 -6 15 15 200 6.0 -6 -15 -15 650

6.0 6 15 15 800 8.0 0 15 15 800

5.0 -6 9 15 100 6.0 12 9 -12 200

10.0 -15 0 -12 350 7.0 -15 -3 -15 500

6.0 0 -3 -15 100 7.0 -15 -6 -9 800

8.0 -3 -15 -15 650 6.0 -15 6 15 800

6.0 3 15 -15 100 6.0 -15 9 -6 100

10.0 -9 9 -3 350 5.0 12 9 -15 100

8.0 -15 -3 -15 1000 5.0 15 12 15 650

7.0 -15 12 15 200 7.0 15 3 15 350

5.0 -15 9 15 1000 9.0 -15 -12 -15 1000

10.0 -3 3 15 500 5.0 3 -12 15 100

10.0 15 0 15 100 9.0 -12 -12 -15 100

5.0 -15 12 -12 100 5.0 12 6 15 350

5.0 15 15 -15 200 10.0 -15 -9 -15 1000

9.0 15 3 6 100 9.0 -15 -12 9 650

5.0 3 15 -15 100 10.0 12 0 15 350

10.0 -9 6 -9 100 10.0 -15 -15 -12 500

7.0 0 0 15 650 5.0 -15 -3 -12 100

10.0 9 9 -15 350 5.0 -15 -6 15 1000

5.0 -15 6 -15 100 10.8 -15 -15 -9 100

6.0 0 12 0 100 5.0 -15 -15 -15 200

10.0 15 12 -6 100 6.0 -12 -6 -15 200

5.0 -15 6 -9 500 5.0 0 3 12 800

9.0 -15 15 -15 100 5.0 -6 -6 15 800

5.0 -6 6 -15 100 7.0 -15 -9 12 800

5.0 12 9 -15 350 5.0 -15 15 3 200

10.0 -3 12 -15 350 6.0 -15 9 -9 500

7.0 -15 3 -6 500 9.0 -9 9 15 200

10.0 3 -6 -15 100 5.0 -9 6 15 100

8.0 15 -15 -12 500 10.0 -15 -6 -15 800

5.0 15 3 -15 350 6.0 15 15 6 100

5.0 15 9 -15 1000 10.0 9 6 -15 100
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5.0 0 6 15 650 6.0 0 15 15 100

7.0 9 12 15 100 9.0 -15 12 15 100

7.0 15 3 15 100 9.0 15 15 15 100

5.0 4 4 -9 650 5.0 -12 -12 -15 650

9.0 0 6 15 350 10.0 -15 -6 -15 650

5.0 3 9 6 800 9.0 -15 0 15 800

5.0 -15 6 -15 1000 5.0 -15 6 15 1000

6.0 -12 3 0 1000 5.0 12 3 -15 1000

5.0 9 0 -15 350 8.0 -12 12 -15 100

8.0 0 15 15 100 7.0 -15 12 -15 350

70 15 3 -15 1000 6.0 -15 0 9 1000

10.0 4 3 -15 1000 9.0 -15 3 9 1000

9.0 4 4 -15 350 10.0 -9 -3 -9 650

9.0 -15 -3 -15 800 7.0 3 0 15 200

5.0 0 " 15 12 100 10.0 -12 -6 3 100

10.0 -15 -3 0 1000 10.0 -15 -3 15 500

7.0 9 0 15 800 6.0 6 4 -15 100

5.0 -3 12 -15 800 9.0 -12 -9 -15 800

6.0 15 15 -15 200 10.0 15 -9 -12 800

0.0 -15 3 15 650 9.0 6 3 -15 800

6.0 -12 6 -15 1000 5.0 6 4 -9 800

8.0 -12 9 15 100 10.0 -9 0 -15 800

6.0 0 6 -15 500 8.0 0 3 -15 350

5.0 1-5 15 12 1000 5.0 -9 9 -15 1000

7.0 15 4 15 1000 9.0 -15 3 15 100

10.0 -12 3 15 350 10.0 -15 3 15 800

8.0 -15 15 15 200 8.0 -3 3 -3 350

10.0 3 12 15 200 10.0 0 3 15 1000

7.0 -3 -12 -15 100 10.0 -3 3 -15 800

7.0 15 15 -15 350 6.0 -15 15 -15 500

9.0 15 12 -15 650 9.0 -3 9 -15 200

7.0 -15 -3 -15 200 9.0 -15 -6 -12 800

10.0 -15 -9 15 800 8.0 6 12 15 200

8.0 15 9 15 350 7.0 -6 3 15 1000

6.0 3 12 15 200 7.0 9 15 15 200

10.0 -3 -3 15 800 5.0 -15 4 -15 1000
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7.0 12 15 -15 100 10.0 15 -3 -15 800

10.0 0 -12 -15 100 10.0 -15 -9 15 1000

8.0 -6 -15 15 200 5.0 -15 9 15 1000

10.0 15 3 15 800 10.0 15 3 -15 1000

6.0 -15 -12 15 100 10.0 15 4 15 500

9.0 -6 -6 6 800 10.0 -15 -15 15 100

8.0 -6 3 6 800 10.0 -15 -3 -15 200

8.0 -12 4 -15 800 10.0 -12 15 -15 350

5.0 12 -6 -15 1000 5.0 15 -3 -15 100

5.0 15 9 15 1000 5.0 15 9 15 1000

8.0 -6 0 15 800 5.0 -15 -3 -15 500

9.0 4 4 -15 1000 5.0 15 -15 15 1000

9.0 -15 -15 -15 200 10.0 15 -15 15 100

7.0 -15 6 -15 800 7.0 15 -3 -15 800

5.0 -6 -9 15 1000 10.0 15 -15 -15 1000

9.0 15 3 15 1000 10.0 -15 -15 15 650

5.0 15 15 -15 1000

Job:sub24 9.0 15 6 -15 500

Net:sub24 9.0 15 -3 0 1000

10.0 15 15 15 100

Speed Stern Rudder Fwd Hold-Time 7.0 6 15 9 500

10.0 15 15 -15 1000 6.0 -9 -12 -15 1000

10.0 15 -15 15 1000 6.0 -15 -15 -6 350

10.0 15 15 15 350 10.0 15 3 15 350

10.0 15 -12 -15 350 6.0 15 9 -15 1000

10.0 15 9 15 500 8.0 -15 15 12 1000

10.0 15 -9 -15 500 10.0 -12 9 -15 650

5.0 -15 15 -15 100 7.0 6 -15 15 100

10.0 15 3 15 800 5.0 6 15 15 350

5.0 -15 -15 15 100 10.0 15 -3 12 1000

10.0 15 -6 15 1000 7.0 15 15 -15 100

10.0 15 6 -15 1000 5.0 -15 3 -15 100

5.0 -15 -15 -15 100 5.0 -15 15 6 1000

5.0 -15 15 15 100 9.0 -15 -12 -15 100

5.0 15 15 15 100 7.0 15 -15 -15 500

10.0 15 3 15 1000 10.0 15 -9 -3 100
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5.0 -3 -9 -15 350 6.0 -15 15 0 100

10.0 15 -15 15 350 10.0 -15 -12 -15 000

5.0 15 12 -15 350 10.0 -15 15 6 100

9.0 15 -15 -15 200 10.0 15 15 15 200

8.0 -15 -12 15 800 7.0 -9 -15 0 100

10.0 -15 6 -15 500 10.0 3 -15 15 200

8.0 15 -9 -15 100 9.0 -12 9 -15 800

8.0 -15 -15 -15 200 10.0 -15 -3 -15 650

5.0 -15 -15 15 500 10.0 15 -12 -15 650

9.0 3 9 0 200 10.0 -15 12 -12 200

10.0 15 6 15 100 5.0 -15 0 12 1000

8.0 -15 3 15 1000 6.0 15 -9 -15 1000

10.0 -15 0 15 100 8.0 15 12 -15 100

7.0 -15 9 -15 800 8.0 15 -15 -15 100

10.0 -15 -12 -6 100 10.0 15 15 -15 350

10.0 -15 15 -15 1000 10.0 15 0 -15 100

5.0 -15 0 6 100 9.0 15 -9 15 100

5.0 15 -12 -15 100 5.0 15 -15 -3 350

7.0 -15 -3 15 800 9.0 0 3 15 800

10.0 -15 3 15 1000 10.0 15 12 -15 500

10.0 15 12 15 1000 10.0 15 -3 -15 650

8.0 -15 12 -15 100 8.0 -15 15 -15 350

8.0 3 -3 -15 350 10.0 3 3 15 650

7.0 -15 6 -3 100 7.0 -15 -9 -15 100

9.0 -15 0 15 650 5.0 3 -3 -9 1000

10.0 -15 -9 15 350 10.0 -6 -6 -15 1000

10.0 -15 -15 15 800 10.0 -15 9 15 100

10.0 3 6 15 200 5.0 15 -6 -12 500

9.0 15 15 15 100 9.0 15 6 -3 100

5.0 15 12 9 800 8.0 9 0 -15 100

9.0 -15 15 -15 800 5.0 -15 -9 -15 1000

7.0 3 -6 15 500 5.0 15 9 -15 100

5.0 15 -6 15 100 7.0 15 -12 -15 650

5.0 -15 -12 -15 200 9.0 6 12 -15 650

10.0 -15 12 -12 1000 9.0 -15 0 -15 800

10.0 15 -9 -15 1000 10.0 -15 9 -9 350
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5.0 -15 -9 -15 100 5.0 15 3 9 1000

5.0 -9 -12 -15 500 5.0 12 4 -15 1000

7.0 15 3 15 800 10.0 -15 0 15 1000

5.0 4 4 6 500 5.0 -15 6 15 100

6.0 15 -9 15 200 10.0 -15 -15 15 350

10.0 15 9 -6 800 10.0 -15 12 -15 650

7.0 0 15 3 200 10.0 -12 3 -15 350

5.0 -15 9 -15 350 5.0 15 15 15 1000

6.0 -6 3 -15 350 10.0 -15 12 -15 500

6.0 -15 4 -15 800 10.0 15 6 15 500

10.0 -9 0 -15 350 10.0 -15 6 -15 800

8.0 15 12 12 500 6.0 -15 6 0 1000

9.0 -15 4 15 800 5.0 -3 -9 15 600

6.0 -15 12 -9 500 5.0 15 0 9 200

10.0 -9 -9 15 200 9.0 6 0 15 100

5.0 -15 -3 -15 100 5.0 15 -9 6 800

5.0 0 -9 6 1000 10.0 -15 0 15 200

5.0 15 -3 15 650 10.0 .6 15 15 650

5.0 -15 0 -15 1000 5.0 -15 9 6 100

10.0 12 3 -15 650 9.0 -12 3 15 200

7.0 15 -15 9 650 9.0 15 3 3 200

5.0 -15 -9 -3 650 10.0 -15 3 -12 100

10.0 15 4 -15 500 5.0 15 15 9 350

6.0 6 is 6 1000 7.0 15 6 -15 800

6.0 15 9 -3 350 5.0 -15 15 -15 1000

10.0 15 12 -15 200 10.0 15 0 6 350

10.0 -15 -15 15 500 10.0 15 6 15 800

5.0 -15 -9 15 100 9.0 -15 -12 -15 1000

5.0 15 -15 15 350 7.0 9 0 0 100

10.0 15 6 15 650 5.0 -15 9 15 800

10.0 -15 15 15 1000 10.0 15 0 4 350

10.0 -3 9 -15 100 10.0 4 6 -15 650

5.0 3 6 -15 100 5.0 0 -3 15 200

10.0 -15 15 15 350 10.0 -15 3 12 200

7.0 3 15 12 650 10.0 -15 9 12 1000

6.0 15 4 -3 650 8.0 15 -3 -15 1000
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10.0 15 12 15 650 10.0 4 -15 15 650

7.0 -15 -15 -15 1000 10.0 12 -12 -15 100

10.0 -15 9 15 800 8.0 -3 4 15 1000

6.0 15 6 15 200 10.0 15 4 -15 650

10.0 -15 6 15 100 10.0 3 -15 -12 200

10.0 -15 -12 15 1000 10.0 -9 -6 15 650

8.0 -15 3 15 100 10.0 -9 12 -15 200

10.0 -15 15 3 800 10.0 6 9 15 350

10.0 15 3 -15 500 8.0 15 -3 15 800

10.0 -3 -9 15 500 10.0 -3 0 -15 800

W-0 -15 4 15 100 10.0 15 -3 9 100

5.0 -9 0 15 650 10.0 -15 4 -15 1000

9.0 15 4 15 350 10.0 -15 15 -15 100

10.0 -6 3 -15 650 10.0 -15 -15 15 200

10.0 0 4 15 500 10.0 4 -12 15 350

10.0 15 3 3 1000 10.0 3 15 -15 200

10.0 -15 4 15 1000 10.0 4 -15 -15 650

10.0 -4 -9 15 500 10.0 15 -12 15 500

10.0 -12 6 -15 1000 10.0 -9 -12 -3 1000

6.0 -15 6 3 500 9.0 15 -3 15 650

10.0 15 -3 -15 1000 10.0 12 0 15 800

10.0 6 4 15 200 10.0 -3 15 15 100

10.0 15 -15 -15 200 10.0 9 4 15 650

10.0 -15 -15 -15 350

10.0 15 -12 -15 800

10.0 15 15 -15 100 Job:SUB31

10.0 15 3 -15 8O0 Net.SUB31

10.0 15 -9 15 800

10.0 15 4 -15 1000 Speed Stem Rudder Fwd Hokd-Time

10.0 -15 -3 0 1000 15.0 15 0 -15 1000.0

7.0 3 -9 15 1000 15.0 -15 0 15 1000.0

10.0 -3 -3 15 800 15.0 15 0 15 1000.0

10.0 -12 -6 15 800 15.0 -15 0 -15 1000.0

8.0 15 -9 15 6O0 10.0 15 0 -15 100.0

10.0 15 -6 12 800 10.0 -15 15 15 100.0

10.0 -15 -9 -3 1000 10.0 -15 -15 -15 100.0
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13.0 15 0 15 100.0 10.0 -15 15 15 1000.0

10.0 15 15 15 1000.0 12.0 -15 15 -15 1000.0

15.0 -15 15 15 100.0 10.0 4 9 -15 650.0

10.0 3 -15 15 100.0 15.0 3 15 15 600.0

15.0 3 15 -15 200.0 10.0 6 -15 -5 600.0

15.0 6 -15 15 200.0 10.0 -3 4 10 200.0

15.0 15 0 -15 350.0 15.0 6 4 -15 1000.0

11.0 0 15 -5 1000.0 15.0 3 0 15 600.0

15.0 -15 -15 15 100.0 15.0 15 9 0 1000.0

10.0 -3 15 15 100.0 10.0 -12 -9 -15 650.0

11.0 15 -15 -15 1000.0 11.0 -15 4 15 100.0

15.0 15 -9 15 100.0 15.0 -15 12 15 200.0

10.0 -15 -15 -15 1000.0 15.0 -15 4 -15 100.0

15.0 -3 0 -15 500.0 11.0 4 15 -15 100.0

13.0 15 0 -15 1000.0 10.0 15 15 -15 100.0

15.0 12 -15 -15 650.0 15.0 6 4 -15 500.0

15.0 12 15 15 1000.0 15.0 15 0 -15 200.0

15.0 15 0 0 650.0 10.0 9 -9 15 100.0

15.0 15 -15 15 1000.0 15.0 15 -15 15 200.0

15.0 3 0 5 1000.0 15.0 15 -3 -15 100.0

11.0 -9 -3 15 500.0 10.0 12 4 -15 1000.0

11.0 15 0 15 350.0 13.0 -15 -15 15 1000.0

15.0 3 -6 15 800.0 15.0 15 6 -15 100.0

15.0 15 15 15 650.0 15.0 0 15 -15 1000.0

11.0 15 0 -15 1000.0 15.0 0 0 -15 1000.0

13.0 6 -9 -15 1000.0 10.0 15 -9 15 500.0

15.0 46 15 15 1000.0 12.0 -15 15 -15 100.0

15.0 15 15 -15 800.0 10.0 3 0 0 1000.0

12.0 15 0 15 1000.0 13.0 9 -3 -15 1000.0

13.0 12 -6 -5 1000.0 13.0 -4 -9 15 500.0

12.0 9 6 10 1000.0 15.0 15 15 -15 200.0

10.0 15 -15 -15 350.0 12.0 3 9 -10 350.0

15.0 3 -15 15 1000.0 13.0 6 0 -15 600.0

15.0 -3 -15 15 1000.0 15.0 -15 15 15 500.0

15.0 6 9 15 1000.0 12.0 15 0 -15 350.0

11.0 6 -9 10 1000.0 15.0 0 9 5 100.0
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15.0 4 15 -10 350.0 15.0 -15 15 -15 100.0

12.0 6 -9 0 350.0 15.0 -9 12 -15 350.0

10.0 12 3 -5 350.0 11.0 15 12 5 100.0

12.0 -15 -15 15 100.0 10.0 -15 0 -15 100.0

15.0 15 4 -15 200.0 13.0 15 -3 -10 1000.0

13.0 9 3 -15 1000.0 12.0 3 -3 -15 100.0

12.0 15 -15 10 650.0 10.0 -15 6 -15 800.0

11.0 9 4 15 200.0 13.0 15 4 -5 100.0

12.0 -3 15 15 200.0 13.0 15 9 15 1000.0

15.0 15 -3 15 1000.0 15.0 15 15 15 100.0

10.0 3 15 5 100.0 12.0 -15 4 -15 1000.0

10.0 15 -9 15 100.0 11.0 -15 -9 5 800.0

12.0 15 -15 -15 100.0 10.0 -9 -15 15 800.0

10.0 -9 -15 15 200.0 10.0 15 6 10 1000.0

15.0 15 -6 -15 1000.0 10.0 15 15 -15 650.0

11.0 6 -3 -15 500.0 10.0 6 15 15 1000.0

10.0 6 -3 0 100.0 10.0 15 15 15 200.0

15.0 15 0 15 650.0 10.0 -15 -15 -15 650.0

15.0 6 0 10 100.0 15.0 6 6 15 1000.0

12.0 0 -12 15 1000.0 10.0 15 0 -15 800.0

15.0 -15 -6 15 350.0 12.0 -9 -15 15 350.0

15.0 9 -9 -15 100.0 10.0 6 6 15 1000.0

13.0 -15 -9 0 350.0 15.0 12 -3 10 1000.0

10.0 12 -9 15 1000.0 15.0 12 -3 -15 1000.0

13.0 -12 -15 -15 100.0 12.0 -15 0 -15 1000.0

10.0 3 -12 -10 350.0 15.0 12 3 -15 600.0

12.0 6 -15 15 100.0 15.0 9 3 -15 1000.0

15.0 0 0 0 100.0 15.0 15 3 -10 1000.0

15.0 15 0 15 200.0 15.0 12 0 15 1000.0

15.0 12 3 15 1000.0 15.0 -12 -9 -15 200.0

10.0 0 3 15 100.0 11.0 -15 -12 15 100.0

13.0 -15 -3 15 350.0 10.0 -9 6 15 100.0

11.0 15 -3 0 200.0 10.0 -15 6 15 350.0

11.0 15 6 -5 500.0 10.0 -12 4 15 1000.0

10.0 3 15 0 350.0 12.o -12 15 15 1000.0

15.0 -3 -9 -15 650.0 13.0 9 -3 -15 650.0
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15.0 3 3 15 650.0 13.0 9 -3 15 500.0

10.0 3 -15 -15 1000.0 10.0 4 12 15 500.0

15.0 9 -15 -15 1000.0 11.0 4 12 10 1000.0

10.0 -12 15 15 650.0 15.0 3 0 15 350.0

10.0 -15 0 -15 1000.0 11.0 -15 12 15 800.0

10.0 -12 -9 15 350.0 15.0 -3 -15 -15 500.0

11.0 6 -6 15 *,)00.0 11.0 0 -15 15 500.0

13.0 -12 -15 -5 350.0 13.0 15 -9 15 350.0

15.0 12 -3 -15 650.0 15.0 4 -15 0 100.0

10.0 -3 -3 -15 100.0 10.0 4 9 10 1000.0

12.0 -3 0 -15 200.0 11.0 -9 15 -15 800.0

12.0 -6 -12 15 100.0 13.0 3 0 15 350.0

12.0 9 -12 -10 100.0 15.0 9 4 15 100.0

15.0 9 -3 15 100.0 10.0 -15 -9 -15 500.0

15.0 15 -6 -15 650.0 10.0 -15 -15 15 350.0

15.0 4 4 15 100.0 12.0 12 0 10 800.0

15.0 -3 -9 -15 200.0 12.0 3 4 0 1000.0

10.0 4 0 0 350.0 10.0 9 15 -15 100.0

11.0 12 15 15 200.0 15.0 12 4 10 1000.0

10.0 15 -3 15 100.0 15.0 -15 -9 -15 1000.0

15.0 4 -9 15 100.0 10.0 15 -3 15 1000.0

15.0 -3 4 -15 100.0 15.0 6 15 15 100.0

10.0 -15 -3 10 1000.0 10.0 -9 -15 -15 100.0

15.0 _-9 15 15 200.0 15.0 -15 -9 15 200.0

15.0 6 0 15 1000.0 11.0 12 0 5 1000.0

12.0 15 15 15 500.0 10.0 12 -12 15 100.0

10.0 4 6 -15 1000.0 15.0 15 4 15 200.0

13.0 12 0 15 800.0 10.0 -15 15 15 650.0

10.0 -15 -9 15 200.0 10.0 9 -9 -15 350.0

10.0 4 -9 -15 350.0 11.0 12 4 15 500.0

15.0 9 -3 5 650.0 15.0 -15 9 15 100.0

13.0 -3 15 15 1000.0 10.0 15 15 15 500.0

13.0 15 -9 -15 100.0 12.0 0 3 0 1000.0

10.0 9 15 15 100.0 10.0 -9 -6 -15 650.0

15.0 0 -3 -10 360.0 13.0 0 15 10 100.0

15.0 9 0 0 600.0 13.0 -15 -12 -15 650.0
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15.0 6 1s 0 100.0 10.0 S -15 -15 100.0

10.0 9 -3 15 800.0 10.0 9 6 10 100.0

12.0 15 15 15 200.0 10.0 15 9 15 100.0

15.0 4 3 -10 100.0 10.0 3 4 15 350.0

13.0 15 -3 5 1000.0 15.0 3 -3 -15 1000.0

10.0 -15 -9 -15 100.0 15.0 3 4 15 100.0

11.0 -15 6 -15 200.0 10.0 15 0 1s 1000.0

11.0 12 -15 15 100.0 15.0 i5 0 0 1000.0

10.0 -15 -15 15 100.0 11.0 15 15 -10 350.0

13.0 3 1s 0 1000.0 13.0 15 -9 15 200.0

15.0 6 -9 15 1000.0 12.0 0 -9 -15 100.0

15.0 -3 4 15 650.0 15.0 -12 15 15 800.0

15.0 3 -3 5 1000.0 10.0 3 0 5 100.0

15.0 6 -3 15 200.0 15.0 -9 -12 -15 100.0

10.0 0 -15 0 200.0 10.0 -9 4 -15 1000.0

10.0 -9 -9 15 600.0 13.0 -9 15 15 650.0

15.0 0 -12 -15 200.0 13.0 -12 -12 15 100.0

15.0 12 -9 -5 100.0 12.0 4 -12 15 500.0

15.0 15 0 15 100.0 15.0 -9 1s -15 100.0

13.0 9 15 10 100.0 10.0 0 -15 5 800.0

15.0 -3 -3 15 100.0 1S.0 15 -1s -10 500.0

15.0 12 15 15 350.0 11.0 15 -15 0 200.0

10.0 4 15 15 350.0 10.0 15 -15 0 1000.0

13.0 -6 -3 15 200.0 15.0 15 3 15 100.0

10.0 0 4 0 800.0 13.0 -3 -15 10 200.0

10.0 -3 0 -15 200.0 10.0 -9 15 -15 100.0

12.0 6 3 -10 100.0 10.0 0 6 -15 1000.0

13.0 0 0 15 1000.0 10.0 15 15 0 600.0

11.0 15 -15 15 350.0 13.0 -15 15 15 100.0

10.0 15 4 -5 500.0 15.0 9 -, 15 350.0

11.0 -3 0 15 100.0 15.0 9 15 -5 1000.0

15.0 -12 15 -15 500.0 13.0 3 15 10 1000.0

11.0 4 4 0 350.0 15.0 -15 0 -15 500.0

10.0 9 0 -15 200.0 15.0 -9 6 5 1000.0

12.0 -g -15 -15 800.0 15.0 -15 0 15 500.0

15.0 15 0 -15 600.0 15.0 15 3 15 650.0
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15.0 6 0 -10 600.0 15.0 0 6 -15 600.0

15.0 4 0 -15 1000.0 15.0 -9 0 -15 650.0

15.0 -12 4 5 1000.0

15.0 15 -3 -15 1000.0 Job:sub32

15.0 15 -3 15 200.0 Netsub32

15.0 -15 -15 15 1000.0

15.0 -15 6 5 800.0 Speed Stern Rudder Fwd Hold-Time

15.0 -15 15 15 1000.0 15.0 -15 0 1s 1000.0

15.0 -3 0 15 1000.0 15.0 15 0 -15 1000.0

15.0 -9 -3 -15 1000.0 15.0 -15 0 -15 1000.0

12.0 -15 0 15 1000.0 15.0 15 0 15 1000.0

15.0 12 9 -15 1000.0 15.0 15 0 -15 100.0

15.0 12 3 5 1000.0 15.0 -15 0 15 100.0

15.0 -9 3 -10 1000.0 15.0 -15 3 -15 100.0

15.0 -15 -3 -15 1000.0 15.0 15 15 15 100.0

15.0 -15 -9 15 1000.0 10.0 -3 -15 -15 100.0

12.0 -9 3 -15 1000.0 10.0 15 15 -15 1000.0

15.0 -6 3 15 1000.0 15.0 9 -15 15 500.0

15.0 -9 0 10 800.0 10.0 -3 15 15 100.0

15.0 -15 15 -15 1000.0 10.0 9 -15 0 100.0

15.0 -15 12 -15 200.0 15.0 3 15 10 500.0

15.0 -15 0 15 100.0 15.0 1s 0 15 500.0

15.0 -15 9 15 1000.0 10.0 15 15 -15 100.0

13.0 -15 -3 15 1000.0 10.0 -15 15 -15 100.0

10.0 -15 0 15 1000.0 10.0 15 -15 15 650.0

15.0 -15 -6 15 600.0 10.0 -15 -15 15 1000.0

15.0 -9 -3 15 100.0 15.0 3 -15 -15 500.0

13.0 -15 3 -15 1000.0 15.0 15 0 -15 200.0

15.9) -15 -6 15 100.0 10.0 15 -12 15 100.0

15.0 9 0 -5 1000.0 15.0 -15 -15 15 100.0

15.0 -15 6 -15 1000.0 11.0 3 15 15 800.0

15.0 -15 -3 15 600.0 10.0 15 0 10 650.0

15.0 -12 -15 -15 350.0 12.0 -3 0 -15 500.0

15.0 -15 -15 0 800.0 10.0 -9 -12 15 350.0

1S.0 -3 3 -15 1060.0 15.0 -15 15 15 100.0

15.0 -15 -4 15 1000.0 11.0 -3 -9 5 500.0
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11.0 15 0 -15 500.0 15.0 -15 12 15 200.0

15.0 15 15 15 500.0 15.0 3 0 15 1000.0

10.0 -15 15 15 1000.0 11.0 15 0 -15 1000.0

13.0 15 -15 -15 350.0 10.0 -15 -15 -15 500.0

10.0 9 6 -15 350.0 15.0 12 -6 -10 650.0

12.0 -15 3 15 200.0 10.0 0 0 15 100.0

15.0 12 -15 15 100.0 10.0 15 15 15 500.0

12.0 15 -15 -15 100.0 15.0 15 0 -15 500.0

15.0 15 12 15 800.0 11.0 -3 15 -15 600.0

15.0 -6 15 -15 1000.0 15.0 0 -12 -15 100.0

10.0 -15 -15 15 100.0 10.0 3 0 15 650.0

15.0 15 -15 -15 500.0 11.0 -15 -3 -10 500.0

13.0 15 0 15 800.0 10.0 3 -9 -15 1000.0

15.0 12 -15 -15 1000.0 15.0 9 3 15 100.0

15.0 15 0 15 200.0 10.0 0 15 5 500.0

15.0 6 15 -15 100.0 12.0 -6 12 -15 650.0

15.0 -12 -15 15 800.0 15.0 15 -9 5 200.0

15.0 9 -6 15 100.0 15.0 3 -6 -15 800.0

10.0 -15 3 15 800.0 12.0 -15 -3 -15 350.0

13.0 -3 -15 -15 350.0 12.0 3 46 15 100.0

15.0 9 6 -15 800.0 10.0 3 15 -15 500.0

10.0 6 15 0 1000.0 12.0 -6 12 15 500.0

15.0 -15 12 -15 200.0 10.0 15 3 15 200.0

13.0 -15 15 15 100.0 15.0 -9 6 -15 650.0

10.0 15 12 15 350.0 15.0 -3 -6 -15 350.0

15.0 -15 12 15 500.0 10.0 -3 3 -15 650.0

15.0 -3 15 15 100.0 10.0 -6 15 5 1000.0

15.0 -12 4 15 200.0 10.0 -15 -15 -15 100.0

15.0 -15 -15 -15 100.0 11.0 -3 0 15 1000.0

13.0 15 -9 15 1000.0 10.0 .6 -15 15 650.0

10.0 -15 15 -15 500.0 15.0 15 3 15 1000.0

10.0 9 -15 10 1000.0 15.0 -15 3 15 600.0

10.0 -15 -12 -15 200.0 10.0 3 -6 15 800.0

13.0 0 3 -15 1000.0 15.0 6 0 15 500.0

10.0 15 -6 -15 100.0 10.0 -9 3 -15 200.0

15.0 6 -15 15 1000.0 10.0 3 -15 15 200.0
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13.0 15 -9 15 350.0 10.0 0 -12 0 800.0

10.0 6 0 10 1000.0 10.0 12 6 5 800.0

15.0 -15 -15 -15 1000.0 15.0 15 -3 5 100.0

15.0 -15 -3 -15 500.0 15.0 6 -3 15 350.0

10.0 -12 9 15 650.0 12.0 6 -15 -5 1000.0

12.0 3 9 15 350.0 10.0 0 15 -15 100.0

11.0 0 -6 -15 100.0 10.0 -15 9 10 200.0

10.0 15 -9 15 1000.0 15.0 6 -6 15 200.0

15.0 -3 -15 5 100.0 15.0 -9 -9 5 1000.0

13.0 -15 -6 15 500.0 15.0 -3 -6 -15 800.0

15.0 -15 6 15 800.0 10.0 -12 15 0 350.0

12.0 -9 3 -10 1000.0 12.0 0 3 5 800.0

12.0 15 6 -10 800.0 12.0 0 6 15 100.0

15.0 12 -3 0 800.0 15.0 -6 0 -15 350.0

11.0 -6 6 15 1000.0 15.0 15 15 -15 650.0

15.0 -12 9 15 800.0 12.0 15 -6 -15 1000.0

11.0 -9 -12 -10 1000.0 15.0 -3 -12 15 650.0

10.0 -15 12 -15 1000.0 10.0 3 -15 -15 650.0

10.0 15 -15 -5 350.0 15.0 -15 -15 5 200.0

10.0 12 -12 -15 100.0 11.0 -12 -12 -5 100.0

15.0 -3 3 -5 100.0 12.0 -3 -6 -10 1000.0

15.0 15 6 15 100.0 10.0 -9 3 -15 1000.0

10.0 -15 15 15 100.0 15.0 6 3 -15 800.0

11.0 -9 -15 -10 200.0 10.0 15 15 15 100.0

10.0 15 -15 -5 800.0 10.0 -15 9 -15 100.0

15.0 3 -15 15 100.0 12.0 -15 6 5 500.0

10.0 15 -3 15 100.0 10.0 -12 -12 5 650.0

13.0 15 -3 -15 1000.0 11.0 15 0 10 1000.0

10.0 15 -6 -15 800.0 10.0 -12 0 5 1000.0

15.0 0 0 -15 800.0 13.0 -9 -12 -5 100.0

13.0 12 9 -15 350.0 10.0 -15 3 -15 1000.0

15.0 -6 -9 -10 1000.0 13.0 15 15 15 1000.0

11.0 -15 -15 -5 800.0 15.0 -6 -3 -5 1000.0

10.0 -15 -9 10 200.0 15.0 15 -15 15 1000.0

10.0 3 -15 -5 500.0 15.0 -9 -15 15 1000.0

15.0 -15 12 -15 100.0 13.0 15 3 -15 800.0
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12.0 -15 -15 15 100.0 15.0 -9 0 15 650.0

10.0 15 -6 10 650.0 10.0 3 -3 -15 350.0

10.0 9 -3 -15 100.0 15.0 -9 -12 -15 200.0

10.0 15 3 15 1000.0 10.0 -15 -12 15 650.0

10.0 6 0 -15 800.0 10.0 -15 -3 15 1000.0

15.0 3 -3 -5 1000.0 13.0 -3 -6 -15 1000.0

11.0 15 9 15 800.0 15.0 0 -12 -5 350.0

15.0 -12 6 -5 1000.0 11.0 -6 -12 15 500.0

13.0 6 0 -i5 1000.0 13.0 9 -3 -15 1000.0

12.0 15 15 10 350.0 13.0 -15 -6 15 1000.0

13.0 15 -15 5 100.0 15.0 -9 15 -15 500.0

13.0 12 -15 -15 100.0 15.0 -12 9 -15 100.0

13.0 3 12 15 1000.0 15.0 -6 9 15 350.0

15.0 0 -6 5 1000.0 10.0 -15 3 -15 100.0

12.0 15 -12 -5 100.0 15.0 -15 12 15 1000.0

13.0 15 0 -15 350.0 15.0 -15 3 5 800.0

10.0 12 -3 -15 60,o.0 12.0 9 9 15 500.0

13.0 -9 -9 15 11000.0 12.0 15 -12 15 800.0

15.0 -15 -3 0 800.0 12.0 3 -3 -15 500.0

15.0 6 0 -15 100.0 10.0 15 9 -15 200.0

10.0 0 -9 -15 350.0 11.0 -9 -15 15 100.0

13.0 0 -15 15 800.0 15.0 0 9 -15 350.0

15.0 15 -3 -10 350.0 10.0 6 3 15 350.0

15.0 6 0 -15 350.0 10.0 15 -15 -15 200.0

10.0 3 -12 15 800.0 12.0 12 -15 -15 1000.0

11.0 -9 -15 5 350.0 15.0 -3 -12 -10 1000.0

10.0 -15 6 15 1000.0 13.0 -12 -15 -5 350.0

15.0 -15 -15 15 800.0 15.0 6 -9 -15 1000.0

120 -15 -3 10 1000.0 10.0 9 15 15 200.0

13.0 9 -9 -15 650.0 10.0 15 6 -15 100.0

12.0 15 -3 15 650.0 15.0 -9 -15 -15 200.0

12.0 15 6 10 100.0 10.0 -9 15 -15 650.0

15.0 -15 12 -15 800.0 10.0 9 -3 -15 1000.0

13.0 6 0 -15 650.0 15.0 15 15 -15 1000.0

11.0 0 0 -15 1000.0 15.0 -15 -12 -15 350.0

15.0 -15 -9 15 1000.0 10.0 3 6 -10 650.0
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15.0 0 15 -5 1000.0 10.0 -15 12 15 200.0

15.0 15 -15 -5 1000.0 15.0 15 12 -15 100.0

15.0 -12 15 -5 100.0 10.0 -15 3 0 1000.0

15.0 -15 -6 -15 350.0

Job:sub33 11.0 15 3 -15 100.0

Net:sub33 15.0 0 -9 -15 100.0

15.0 15 0 15 350.0

Speed Stern Rudder Fwd Hold-Time 10.0 15 3 15 1000.0

15.0 -15 15 15 1000.0 15.0 -6 -12 0 100.0

15.0 -15 -15 15 1000.0 10.0 -15 -12 -15 650.0

15.0 15 -3 -15 1000.0 10.0 15 -9 -15 100.0

15.0 15 3 -15 1000.0 15.0 15 -9 15 100.0

10.0 -15 15 -15 100.0 15.0 -15 12 -15 350.0

10.0 -15 -15 -15 100.0 10.0 15 -15 -15 350.0

15.0 -15 15 15 100.0 15.0 -15 -15 15 100.0

15.0 15 -15 15 100.0 15.0 15 -9 10 350.0

10.0 15 -3 15 100.0 10.0 -15 -9 -5 1000.0

10.0 -15 -3 -5 100.0 10.0 -15 12 -15 100.0

10.0 15 -3 15 650.0 15.0 15 -3 -15 800.0

10.0 -15 9 0 350.0 13.0 -3 -12 15 500.0

15.0 9 -3 -15 100.0 15.0 0 -15 -15 100.0

15.0 15 15 15 100.0 12.0 -15 -6 -15 100.0

13.0 12 3 -15 100.0 13.0 -15 -6 15 500.0

13.0 -15 -6 15 200.0 15.0 -9 -6 -15 1000.0

15.0 -15 3 10 100.0 15.0 12 -6 -15 350.0

15.0 -15 -15 -15 350.0 10.0 -15 3 0 350.0

13.0 9 9 15 100.0 10.0 -15 15 -15 500.0

10.0 15 15 15 100.0 15.0 12 15 -15 100.0

10.0 -15 9 -15 800.0 15.0 15 6 -15 100.0

15.0 -15 9 10 100.0 12.0 15 -15 15 100.0

10.0 15 6 15 100.0 10.0 -9 15 15 650.0

15.0 -15 3 15 1000.0 12.0 15 -3 -15 800.0

15.0 -15 -3 15 1000.0 15.0 -15 -6 -10 500.0

15.0 -12 6 -15 650.0 15.0 15 3 15 1000.0

10.0 -15 -3 -15 650.0 10.0 0 -15 -15 200.0

10.0 15 9 -15 100.0 15.0 -9 15 -5 100.0
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10.0 -15 15 15 100.0 15.0 -15 0 -15 1000.0

15.0 -12 3 15 500.0 15.0 -15 -12 10 500.0

10.0 0 12 15 200.0 15.0 3 -12 -15 650.0

10.0 12 9 0 650.0 15.0 -6 -3 0 1000.0

15.0 -15 -3 0 200.0 13.0 15 -3 10 1000.0

15.0 -12 0 -15 800.0 10.0 0 12 15 800.0

10.0 -15 0 -15 100.0 13.0 15 3 15 1000.0

13.0 -15 -15 -15 100.0 15.0 -15 -15 -15 800.0

15.0 15 -6 0 350.0 13.0 9 -12 -15 100.0

10.0 -15 -15 5 650.0 15.0 -15 -9 -15 100.0

10.0 -15 -9 -15 1000.0 15.0 -15 -6 15 650.0

13.0 -3 9 -15 100.0 10.0 3 -6 15 100.0

12.0 -15 15 -15 100.0 15.0 9 -15 -15 350.0

10.0 -15 3 -15 1000.0 13.0 15 -12 15 200.0

13.0 -3 -12 -15 200.0 13.0 0 -15 -15 100.0

15.0 15 -15 0 500.0 10.0 -15 -15 15 100.0

12.0 -12 6 10 650.0 15.0 -9 0 -10 1000.0

15.0 -15 3 -5 100.0 11.0 -6 -12 10 350.0

15.0 15 -3 -5 650.0 10.0 15 -15 -15 100.0

10.0 -15 6 15 1000.0 15.0 -15 -3 -5 1000.0

11.0 15 -3 -10 350.0 15.0 3 -3 -15 1000.0

15.0 15 3 15 100.0 15.0 15 -12 0 200.0

15.0 15 -3 15 1000.0 13.0 15 -6 -15 100.0

10.0 -15 -9 0 100.0 10.0 -3 6 15 100.0

10.0 12 -12 15 200.0 15.0 15 -12 5 500.0

10.0 12 3 -15 650.0 13.0 -15 6 -15 100.0

12.0 -15 -12 -15 100.0 15.0 15 9 15 100.0

15.0 -9 -3 -10 650.0 15.0 -15 6 15 1000.0

13.0 -9 3 -5 1000.0 13.0 0 15 -15 500.0

15.0 -15 -3 -15 200.0 10.0 15 -15 0 500.0

13.0 0 -3 5 350.0 15.0 4 -9 -15 800.0

15.0 6 12 15 200.0 15.0 -15 12 15 100.0

15.0 0 -12 -15 350.0 15.0 -15 -15 -5 350.0

11.0 15 -12 0 800.0 10.0 0 0 -15 100.0

11.0 -3 3 15 500.0 11.0 0 4 -15 1000.0

12.0 -15 -3 15 1000.0 15.0 15 -6 15 100.0
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15.0 15 -9 -10 350.0 10.0 15 -3 15 800.0

11.0 9 -6 -15 800.0 10.0 -3 -6 10 1000.0

13.0 -9 6 -5 t 13.0 -9 -6 5 200.0

10.0 -15 9 -15 500.0 13.0 15 -3 0 650.0

15.0 -15 -15 -10 1000.0 10.0 -6 0 -15 650.0

15.0 -15 -9 10 1000.0 15.0 12 -12 15 100.0

15.0 -12 3 -15 350.0 12.0 15 12 15 500.0

10.0 -6 0 0 100.0 12.0 -15 3 -15 100.0

12.0 -9 12 10 100.0 11.0 -6 -9 15 100.0

12.0 -9 -3 -10 100.0 15.0 -9 0 -15 100.0

15.0 -15 -3 -15 500.0 13.0 15 6 10 100.0

13.0 -3 -6 -10 1000.0 15.0 -15 9 15 350.0

15.0 15 0 -15 1000.0 10.0 -6 -15 -10 650.0

12.0 15 -3 15 200.0 10.0 0 -3 -15 100.0

10.0 6 -12 -10 650.0 11.0 -6 0 10 200.0

15.0 -15 -6 0 1000.0 15.0 15 -15 -10 100.0

13.0 15 6 15 350.0 10.0 3 3 15 100.0

11.0 -15 -9 -15 650.0 13.0 15 15 15 100.0

10.0 3 3 -15 350.0 15.0 9 12 5 100.0

15.0 -15 9 -5 500.0 10.0 3 3 -15 1000.0

10.0 15 12 15 100.0 10.0 15 -6 -15 100.0

15.0 -15 15 -15 350.0 12.0 -12 9 -5 500.0

12.0 -15 3 10 650.0 13.0 -15 0 0 350.0

15.0 15 15 -15 1000.0 lu.0 15 0 15 200.0

12.0 -3 6 5 200.0 10.0 15 -3 -15 800.0

11.0 12 -9 -15 500.0 13.0 -9 3 0 100.0

10.0 -12 -12 -15 1000.0 15.0 -6 0 15 100.0

11.0 -6 15 -15 200.0 10.0 -15 0 -10 1000.0

15.0 -3 3 0 500.0 15.0 -15 12 -5 100.0

11.0 -15 12 15 100.0 13.0 6 -6 -15 1000.0

12.0 -12 15 15 100.0 11.0 -12 -3 10 100.0

15.0 -15 -12 15 1000.0 15.0 -3 0 15 200.0

15.0 -15 9 15 1000.0 12.0 -12 0 -10 500.0

15.0 15 -3 15 100.0 15.0 3 6 15 100.0

15.0 15 -12 -15 100.0 10.0 -12 C 0 100.0

10.0 -15 0 15 100.0 15.0 -15 -9 -15 500.0
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10.0 -15 -6 15 350.0 15.0 -15 0 15 500.0

10.0 6 0 10 100.0 12.0 12 0 -15 100.0

11.0 -15 -12 15 100.0 15.0 0 -3 10 500.0

10.0 12 -3 15 1000.0 10.0 -15 -12 15 1000.0

11.0 -15 -15 -15 800.0 10.0 -15 -3 5 1000.0

11.0 12 -3 -15 800.0 10.0 15 9 15 800.0

10.0 0 -6 -15 100.0 15.0 -12 0 0 100.0

12.0 -9 -9 -15 1000.0 10.0 -3 -9 10 650.0

10.0 9 -9 -15 650.0 10.0 -9 -9 5 1000.0

10.0 12 15 -15 100.0 10.0 -15 0 -5 500.0

13.0 -3 0 10 100.0 11.0 -9 0 15 100.0

10.0 0 -15 0 500.0 15.0 -15 -3 10 100.0

15.0 -15 9 -15 1000.0 15.0 -15 12 -15 650.0

15.0 -15 15 5 100.0 13.0 -15 6 -5 1000.0

15.0 -15 -6 15 1000.0 15.0 12 15 5 500.0

15.0 -9 3 -15 1000.0 10.0 0 15 0 200.0

15.0 -15 9 -10 1000.0 15.0 -3 12 10 100.0

13.0 3 15 -5 100.0 10.0 -6 -3 15 650.0

15.0 3 -( -10 1000.0 13.0 3 0 -15 1000.0

15.0 -9 0 -5 100.0 15.0 -15 3 15 650.0

13.0 -9 12 -10 200.0 15.0 15 0 -10 100.0

15.0 -3 -3 15 350.0 11.0 15 6 -15 100.0

10.0 -9 6 -15 1000.0 10.0 -6 15 0 1000.0

15.0 15 -3 5 350.0 15.0 -3 12 15 100.0

12.0 6 -15 5 100.0 15.0 0 9 5 200.0

10.0 12 6 15 1000.0 13.0 15 9 5 100.0

12.0 -15 -12 -15 1000.0 15.0 15 0 -15 800.0

15.0 12 6 -5 100.0 12.0 15 3 -10 1000.0

10.0 15 0 -5 1000.0 10.0 -15 15 -15 1000.0

11.0 15 -12 -10 100.0 10.0 6 -9 0 650.0

12.0 12 6 -15 1000.0 13.0 12 -12 -15 100.0

10.0 -12 0 -15 500.0 13.0 -15 0 -15 100.0

15.0 15 0 15 1000.0 15.0 15 3 -10 1000.0

15.0 -15 -12 -10 1000.0 15.0 0 6 -10 1000.0

10.0 -15 -3 10 100.0 15.0 15 -9 -15 100.0

12.0 -9 3 15 1000.0 15.0 9 15 -15 350.0
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15.0 -15 9 -15 100.0 11.0 15 -12 10 100.0

10.0 12 -3 -15 100.0 15.0 15 6 15 500.0

10.0 6 6 -15 100.0 10.0 0 -9 -10 650.0

12.0 3 6 15 200.0 15.0 3 -9 0 650.0

10.0 12 9 0 100.0 10.0 15 9 15 100.0

10.0 15 3 0 200.0 15.0 9 0 -15 1000.0

11.0 -12 15 15 200.0 15.0 15 12 10 200.0

13.0 -15 0 15 100.0 11.0 15 -9 15 350.0

11.0 3 9 5 200.0 15.0 -15 9 -5 1000.0

11.0 12 0 15 100.0 15.0 -15 12 15 1000.0

11.0 3 15 -15 100.0 10.0 -15 -15 -15 650.0

15.0 -9 3 -5 1000.0 15.0 -15 15 -15 500.0

13.0 3 6 -15 1000.0 10.0 15 12 -15 200.0

15.0 -15 -6 15 100.0 12.0 9 15 10 100.0

10.0 3 -9 15 800.0 10.0 6 -15 -15 100.0

15.0 -3 9 15 100.0 12.0 15 -12 0 100.0

10.0 15 15 10 350.0 15.0 -15 6 15 100.0

12.0 15 9 15 500.0 13.0 -15 12 5 1000.0

12.0 3 -15 5 200.0 10.0 6 9 -15 800.0

15.0 6 -12 0 350.0 15.0 -3 12 -15 800.0

10.0 6 12 10 100.0 11.0 12 12 -10 200.0

15.0 -15 0 -10 800.0 10.0 9 -15 5 100.0

15.0 -9 -3 -15 1000.0 10.0 -15 -6 -10 100.0

10.0 -6 12 -10 200.0 10.0 -15 -15 -10 1000.0

15.0 15 -9 -15 200.0 11.0 -15 0 -lb 1000.0

15.0 15 -9 15 350.0 13.0 6 -3 15 350.0

12.0 3 12 -10 100.0 15.0 15 6 0 650.0

13.0 9 0 -15 1000.0 10.0 12 -6 15 1000.0

15.0 9 3 10 500.0 15.0 15 -9 -15 1000.0

13.0 6 3 -15 1000.0 15.0 -3 -3 15 200.0

10.0 12 -12 10 100.0 13.0 -3 -9 -5 1000.0

12.0 15 6 15 100.0 12.0 -15 0 15 1000.0

13.0 15 0 -5 1000.0 15.0 12 3 10 800.0

10.0 -12 -15 -5 350.0 15.0 15 -15 -15 800.0

15.0 -15 3 15 100.0 15.0 12 -3 10 200.0

15.0 9 3 -10 1000.0 13.0 -9 -3 -15 1000.0
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15.0 15 -3 10 100.0 15.0 -6 6 -10 1000.0

13.0 6 -15 15 200.0 12.0 -15 -3 -10 1000.0

10.0 15 -12 10 350.0 15.0 -6 3 5 1000.0

15.0 15 -6 -10 650.0 15.0 15 6 -15 1000.0

15.0 15 -6 5 100.0 11.0 -15 -6 -15 1000.0

15.0 -6 -3 15 100.0 12.0 3 12 15 100.0

12.0 6 -9 -5 650.0 13.0 -6 -3 -5 1000.0

10.0 15 -15 5 200.0 15.0 -15 6 -15 350.0

12.0 15 12 15 200.0 10.0 15 -3 -15 1000.0

15.0 9 -3 15 100.0 12.0 -9 0 -15 1000.0

15.0 15 -3 0 1000.0 10.0 -15 -3 -15 200.0

10.0 9 -3 -15 1000.0 10.0 -12 -6 -15 200.0

10.0 15 -15 5 350.0 15.0 0 3 -15 1000.0

10.0 6 12 -15 1000.0 13.0 6 15 5 200.0

12.0 -9 -15 -15 500.0 13.0 -12 15 0 500.0

12.0 15 -15 -10 100.0 15.0 0 12 -15 1000.0

15.0 6 6 15 1000.0 15.0 -15 15 -15 650.0

15.0 12 -9 15 650.0 13.0 12 15 5 200.0

"15.6 -15 9 15 800.0 11.0 9 -3 -15 100.0

11.0 3 -9 -15 650.0 12.0 -3 15 -15 650.0

13.0 -15 0 -15 650.0 10.0 15 0 15 500.0

15.0 -15 -9 -5 1000.0 15.0 3 -9 -15 650.0

15.0 -15 3 -16 500.0 12.0 -6 15 -15 500.0

10.0 -15 9 15 650.0 11.0 15 15 -10 650.0

13.0 -15 6 -15 650.0 15.0 -15 -12 0 1000.0

13.0 -15 15 0 200.0 10.0 15 -15 15 350.0

13.0 6 3 15 1000.0 13.0 9 -3 15 200.0

12.0 -15 0 -10 1000.0 10.0 -15 -15 15 350.0

15.0 15 15 -5 200.0 13.0 -15 15 0 350.0

15.0 -15 3 -5 1000.0 12.0 -12 15 -15 800.0

13.0 12 15 10 350.0 11.0 6 -3 -10 100.0

10.0 -15 -9 -15 100.0 10.0 -3 12 15 650.0

12.0 -9 9 -15 500.0 12.0 0 -3 -15 100.0

15.0 -15 15 -10 600.0 15.0 15 12 15 1000.0

15.0 -6 6 -15 1000.0 15.0 -3 15 10 100.0

10.0 -15 12 -10 1000.0 10.0 -12 -3 -15 1000.0
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15.0 15 0 15 600.0 13.0 15 -15 -15 100.0

10.0 6 -3 -10 1000.0 10.0 -15 -9 -15 650.0

10.0 -9 -6 -15 500.0 10.0 -15 6 15 100.0

15.0 3 -9 -15 800.0 11.0 -3 -9 -10 500.0

15.0 -15 12 -15 1000.0 11.0 -15 -6 -10 650.0

10.0 15 3 -15 1000.0 15.0 0 -3 -10 1000.0

13.0 -15 -12 -10 800.0 15.0 -15 15 -5 650.0

15.0 -15 -12 -15 350.0 12.0 -6 -15 15 200.0

11.0 12 15 -10 350.0 10.0 15 12 10 350.0

10.0 -3 9 15 200.0 10.0 15 9 15 1000.0

10.0 -15 6 -15 650.0 10.0 15 3 15 100.0

10.0 15 12 -5 100.0 11.0 -15 3 -15 800.0

11.0 15 15 -5 350.0 10.0 15 -3 -15 100.0

10.0 -3 -3 -15 650.0 15.0 15 3 -15 800.0

10.0 3 15 -10 100.0 15.0 -15 0 15 800.0

13.0 15 -15 -15 200.0 10.0 15 -15 -15 1000.0

10.0 15 -12 -15 350.0 15.0 15 -15 15 500.0

15.0 4 0 -15 600.0 15.0 15 -3 -15 650.0

13.0 -12 -12 -15 650.0 15.0 12 15 -15 500.0

10.0 3 -12 -15 100.0 15.0 -12 -3 15 1000.0

11.0 -3 9 0 1000.0 15.0 15 -3 15 800.0

15.0 -15 9 15 650.0 15.0 15 0 -5 600.0

10.0 -15 -9 15 200.0 15.0 -9 3 15 1000.0

10.0 -15 12 -15 1000.0 15.0 15 9 -10 650.0

11.0 15 12 10 650.0 15.0 4 9 15 1000.0

10.0 -15 46 -15 100.0

15.0 3 15 15 200.0 Job:sub34

12.0 -9 9 -15 1000.0 Net:sub34

11.0 -15 6 -15 600.0

10.0 15 -15 -15 200.0 Speed Sten Rudder Fwd Hold-Time

10.0 0 12 -15 650.0 15.0 -15 3 15 1000.0

10.0 -6 -15 -15 350.0 15.0 -15 -3 15 1000.0

10.0 -15 46 .15 6M0.0 15.0 -15 -15 15 100.0

12.0 -15 15 -15 1000.0 15.0 15 0 -15 1000.0

11.0 -15 -6 -15 600.0 10.0 -15 -15 -15 500.0

15.0 15 15 0 100.0 15.0 15 -15 15 650.0
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12.0 15 -3 15 $00.0 10.0 15 0 -15 800.0

13.0 6 -3 -10 350.0 11.0 -15 4 15 1000.0

10.0 -12 -15 5 800.0 15.0 -15 -3 -15 1000.0

12.0 -15 -3 15 1000.0 15.0 3 -15 -15 1000.0

15.0 -15 0 -15 1000.0 10.0 12 9 15 500.0

13.0 -15 4 15 200.0 10.0 15 3 -15 100.0

11.0 12 15 -15 100.0 15.0 -15 -3 15 800.0

11.0 -12 15 -15 100.0 15.0 4 4 -15 1000.0

15.0 12 15 15 650.0 15.0 -12 0 15 1000.0

MO -15 -15 15 800.0 15.0 -15 4 -15 200.0

12.0 6 4 -15 1000.0 15.0 6 -3 15 100.0

10.0 15 4 15 100.0 15.0 15 -15 15 200.0

15.0 -15 0 15 1000.0 15.0 4 4 10 650.0

10.0 12 12 -15 1000.0 15.0 4 -3 15 1000.0

15.0 15 3 15 1000.0 15.0 15 -9 -15 1000.0

15.0 0 0 -15 1000.0 13.0 -15 3 15 1000.0

15.0 -15 4 15 650.0 15.0 15 -3 -15 600.0

15.0 15 4 -15 100.0 15.0 12 4 0 100.0

15.0 -15 3 0 800.0 10.0 -15 0 5 350.0

13.0 -15 0 -15 500.0 10.0 12 4 -15 350.0

10.0 4 0 15 100.0 11.0 4 -3 -15 350.0

15.0 4 0 15 1000.0 15.0 -12 -3 10 1000.0

10.0 -15 4 -15 350.0 15.0 -15 4 -5 1000.0

15.0 15 -3 15 1000.0 10.0 -15 3 5 1000.0

11.0 -15 0 15 1000.0 10.0 15 3 15 8W.0

11.0 15 6 -10 1000.0 15.0 -15 -15 -15 650.0

10.0 3 -3 -5 100.0 13.0 -15 0 10 500.0

10.0 -15 3 15 100.0 15.0 -15 15 15 500.0

15.0 4 3 15 1000.0 13.0 3 3 0 1000.0

15.0 -15 6 15 1000.0 15.0 -15 6 15 800.0

15.0 -15 0 15 650.0 15.0 -15 0 5 OW.0

15.0 15 6 -15 100.0 12.0 -15 -12 -15 800.0

15.0 15 6 10 1000.0 15.0 -15 15 -15 800.0

10.0 -15 6 15 1000.0 10.0 15 3 -15 800.0

15.0 4 -3 -15 100.0 10.0 -15 3 -15 1000.0

15.0 -15 4 15 800.0 1&0 15 -15 -15 100.0

74



AW1194-00M

10.0 -15 -4 -15 100.0 15.0 15 0 15 1000.0

15.0 -15 -6 15 1000.0 15.0 -15 3 15 600.0

13.0 -15 -12 15 600.0 10.0 9 -15 15 350.0

15.0 -15 -3 15 650.0 11.0 -15 -15 -10 1000.0

15.0 -9 -9 5 500.0 13.0 -4 6 15 100.0

15.0 -15 -15 15 650.0 15.0 -15 -12 -5 500.0

15.0 -15 6 5 1000.0 15.0 15 0 15 500.0

15.0 -15 6 15 650.0 15.0 -15 -12 -15 1000.0

15.0 -15 4 -10 1000.0 10.0 -12 -15 -10 100.0

15.0 -15 -3 0 1000.0 15.0 -15 0 5 1000.0

15.0 15 3 15 800.0 15.0 15 -15 -10 650.0

15.0 -15 0 15 100.0 15.0 -15 3 -15 1000.0

10.0 15 3 15 200.0 15.0 -15 -3 0 100.0

15.0 -15 0 -5 1000.0 15.0 -9 -15 -5 1000.0

15.0 15 0 -15 800.0 10.0 15 -15 15 1000.0

15.0 -9 12 15 1000.0 13.0 -15 -6 15 1000.0

13.0 15 3 -15 1000.0 15.0 15 -9 15 350.0

15.0 -15 0 15 800.0 12.0 15 0 15 100.0

15.0 -9 0 0 500.0 13.0 9 -15 15 350.0

15.0 -15 -12 -5 1000.0 15.0 -15 15 15 1000.0

15.0 -9 -15 10 600.0 13.0 -15 0 15 1000.0

15.0 -15 3 15 100.0 10.0 -15 0 5 1000.0

15.0 15 -6 15 800.0 13.0 -15 -15 -5 1000.0

15.0 -12 4 10 800.0 15.0 -15 -12 15 650.0

10.0 -15 -15 15 200.0 15.0 3 -9 -10 350.0

12.0 6 -12 15 650.0 13.0 4 -12 -15 100.0

15.0 15 -3 15 500.0 15.0 -12 -6 15 600.0

13.0 15 0 -10 1000.0 10.0 -15 0 -10 100.0

15.0 15 -9 15 100.0 15.0 -15 15 10 600.0

15.0 15 0 -15 100.0 13.0 -15 -12 10 1000.0

15.0 4 4 -10 650.0 15.0 -9 3 -15 650.0

15.0 -9 -9 15 1000.0 11.0 -15 -15 15 1000.0

13.0 -12 -15 -15 800.0 10.0 -15 -9 -10 650.0

11.0 -4 3 15 1000.0 15.0 15 -9 -15 800.0

15.0 15 -9 -15 100.0 15.0 15 -3 -15 1000.0

13.0 -12 0 15 800.0 15.0 -15 -3 5 1000.0
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10.0 15 -6 10 1000.0 15.0 15 6 -15 350.0

15.0 -12 -3 15 1000.0 15.0 -15 -6 0 100.0

15.0 0 -3 15 600.0 15.0 -9 -15 15 500.0

15.0 -15 -12 15 1000.0 15.0 -15 15 5 100.0

10.0 -15 15 -15 850.0 15.0 -9 -15 10 1000.0

13.0 -15 -9 15 1000.0 15.0 15 6 15 350.0

15.0 -15 12 0 600.0 15.0 -12 -9 -5 1000.0

10.0 -12 -6 15 800.0 15.0 -6 -15 -15 350.0

10.0 -15 -3 15 350.0 15.0 15 -6 -15 350.0

15.0 15 -12 10 1000.0 15.0 -15 -3 10 800.0

15.0 -3 -3 10 350.0

FILE: n:/HANS//subansrp.hhv
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This document is the final report for ARPA contract MDA972-93-C-0044, which is to develop an
ANS (Artificial Neural System) capable of modeling submarine performance based on full scale
data generated using a computer based simulation program.
This report uiscusses the project background, including the requirements of such a simulation
model, and the advantages of an ANS approach. The uniqueness of AWl's Optimal-Entropy
Neural Network algorithm is discussed as well as its significance to the success of this project.
AV41 has developed an ANS to model submarine performance based on the setting of the input
parameters to result in a particular performance for the submarine where the ANS specifies the
position and orientation of the submarine sometime in the future. AWl has also developed an
algorithm to run the ANS in the inverse mode, namely the algorithm allows the user to specify
the desired position and orientation of the submarine at some time in the future, where the ANS
will then specify the controlling input parameters to reach that specified objective. The latter
specifications have to be within the realm of possible requirements or else thc ANS will specify a
possible solution close to what was desired. The developed ANS is capable of operating in a PC
environment. The results are obtained almost instantaneously on the PC.
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